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appiji:d  statics 


(  ii\i»ii:k  I. 


M  H  C  H  A  N  I  C  S . 


(  } 


111  its  i;«'iUT.il  iiil('r|)r<'l.iti<iii,  llic  suhjci  i  ol  Mr- 
cliiinics  lrr;ils  ol  ilu-  l.;i\\s  ol  Molion,  ol  the  rcl.ilions 
thill  fxi^l  iM'twri'ii  ni.iltiT  ;itul  molion,  .iiui  ol  liic  jnws 
of  t-(|uilil>i'iiiin  of  wh.it   ;irc   Irriiu-d   (orces. 

l-on  I',  :illli(iu)4li  popiihirly  ri'i;;ir(l«(i  ;i>  .i  <Utinilc, 
('(HKTi'li'  i«l(';i,  is  liu-  s:mu'  sorl  of  liiiiii;  ;is  vt-Iix  ilv  or 
iiccfU'riilioii,  :iP(l  is  iiu-asuird  l)\-  llir  r;ilc  ,il  whirh  a 
mass  clian^'fs  ils  M'locilv. 

In  lin^iiu't-rint;  Mtc  jtanirs,  ho\M-\ir,  ii  may  In-  ton- 
sidrred  as  a  dflinilt'  (|iianlily,  capaiiU-  of  hi-in^  niras- 
uri'd,  and  rcpri-si-nlfd  by  a  niimluT,  llu-  unit  ol  which 
is  tlu-  wfijilil  of  oiu'  pound  avoirdupois. 

Wo  spi-ak,  lIuTrfori',  in  popular  piirasi'oloj^ v  of  a 
fon  I-  of  tin  pounds,  or  of  a  Ion  t-  actin|{  on  a  body,  or 
of  forci-s  actinfj  in  certain  directions,  just  as  if  a  force 
wore  ,1  concrete  tliinj;,  these  i)einf,'  merely  convenient, 
although  scientifically  misleadint;,  modes  of  expression, 
whii  h  have  been  so  injjrained  into  the  whole  suhjei  t  of 
Mech.inics  th.it  it  would  recjuire  a  vast  amount  of  cir- 
ciiml(Hution   to  avoid   tiieir   use. 

The  followinjj  subdivision  of  Mechanics  is  ^enerallv 
used  : — 

1.  Kinematics,  which  treats  only  of  the  m'ometrv 
of  motion. 

2.  Dynamics,  which  treats  of  the  relations  between 
matter  an<l  motion. 

3.  Statics,  which  deals  with  the  laws  of  ec|iiilil)rium 
of  forces. 

.Mthou^h  the  subject  of  St.itics  .done  will  be  con- 
sidered here,  yet  the  sUnlent  should  bear  in  mind  that 
the  second  section,  that  of  Dynamics,  treats  of  Newton's 
Laws  of  Motion,  which  are  f^iven  here  because  of  their 
importance,  espei  ially  the  Third  Law,  the  applic.itions 
ol    which  are  continually  occurrinji   in  statical   problems. 


M'I'I.III)      MAIKs. 


Newton's  Laws  of  .Motion. 

I.  A  Ixxly  loniinucs  in  ;i  st.ili-  ol  it'sl  or  iinilonn 
motion  in  ,1  slr;iit;lil  litu-  till  (ii^'llrt)^(l  Iroin  sikIi  ;i  slate 
l)v   ;in   iinprrssfd   torn-. 

II.  ('li;ini;o  ol  motion  is  propoitioiKil  to  the  iin- 
I)n'ss((|  lor(f,  ;m(l  t;iUfs  ])I;l(  i'  in  the  (liif<ti()n  ol  tlu- 
iniprcsscd   force. 

III.  Action  and    reaction    -■ -e   equal   and  opposite. 


MTl  II 


IHAI'II-.K    II. 
STATICS. 


T.-iUinj^  tlu'  (Icliiiition  n\  llu>  siibji  i  I  nl  Sl.ilii  -s  js 
Hivcn  in  llu-  last  cli.-iptcr,  it  is  sfcii  lli;it  thi'  (  niisidii  iilion 
of  molion  doi-s  not  c-iilcr  into  static  :il  ])mlilinis.  It  may 
be  said,  liowcscr,  tlial  alllii>iii;h  the  analysis  ol  nioli.m 
produced  «)r  Iht-  tcndi-iu  y  to  |)ro(liii  c  motion  docs  not 
<-()nsliliil<'  .-I  p;irt  of  llu-  suhjci  I  ol  Sialii  s,  it  is  oti.n  \it\ 
convfiiicnt  to  cx.-imini-  the  molion,  or  tciidfnc  \  to  pro- 
<liicc  molion,  in  ordiT  tliat  the  pidptilics  ot  a  i;i\«ii 
forci'  or  scl  of  forces  mav  lie  inlclliijcnlly  ol)laiiic(i. 

The  on?v  forces  considered  in  this  treatise  are 
coplanar  forces,  or  forces  acting  in  one  plane. 

It  is  iidvisabli',  before  altcmptini^  the  ilisrussjon 
of  slalieal  nroblems,  tiiat  the  sHident  familiari/c  iiimsi'll 
willi   the  me;minji;s  of  the   terms   t;i\en   lu^low  : 

M:i}^nitiick' — \  property  which  admits  ol  hcini; 
measured.  (Jiiantilies  havini;  this  jiropirlx  may 
bo  rc'latively  comj)ared. 
Direction  'I'h*-  common  idea  ol  direction  is  in 
reality  compounded  ot  two  ideas,  \i/.  :  I  he  lin  • 
alont;  which  :i  i-ertain  maiiilestation  may  t.ike 
place,  or  alont;  uhich  one  body  lies  relative  to 
another  body:  and  uhiih  way  aloiii;  the  line 
the  manifesl.ition  takes  place,  or  the  oiu'  body 
lies  relative  to  ttie  other  body.  DiriMtion,  in 
the  following  pai;es,  will  be  understood  to  mean 
merely  the  line  .ilont^  which  action  is  mani- 
fe.sted;  concisely,  line  of  action. 
Sense — One  of  two  ways  in  which  ,i  magnitude  may 

be  tIescrilxMl  or  t^enerated  aloni;  a  direction. 
This     distinction     between     l)]re«tion    and     Sense    is 
more  clearly  seen   by  examples:- 

A  body  is  said  to  move  wrtically  upward;  i.e.,  the 
body  moves  in  the  verliia!  direction  with  an  ui)w:ird 
sense. 

.A  building;  is  said  to  lie  east  of  ;mother  buildint;  ; 
i.e.,  the  fir.st  building  lies  in  the  direction  of  a  ]);irallel 
of  latitude  relative  to  the  other  bnildinii,  and  in  an 
i-asterly  sense. 

A  Vector.-  .\  line  conceived  to  ha\e  fixed  Un!;t!i 
and  direction  in  space,  but  whose  position  is  not  limited  : 
i.e.,   the  line  may  be  dr.iwn   anywhere. 


'^  M'lM.IKI)      SI  \TI(  S. 

A  Vector  Quantity.— Any  f|ii;iniity  h:ivini,'  tlu-  pro- 
piTlks,  .\I,it,M)iliKlf,  Diroclion,  and  Smsc,  is  known  ;is 
a  \ti  tor  f|iiantity  ;  c.fj.,  Forco,  \i'lo(  ity,  Displacomenf , 
Acctliralion.  Sik  h  quantities  may  hv  ^rapliit  allv  rcpre- 
si'iilfd   l)y    \'i'(tr>rs. 

A  Rigid  Body  is  one  wliosf  oriijinal  form  cannot  be 
alti-nd;  i.e.,  the  body  cannot  be  compressed,  extended, 
broken,  or  bent.  Such  a  body,  of  course,  exists  merely 
in  tbeorv. 


Al'l'l.ll  I)      >l  \l  11  s. 


in.\i'ri:u  III. 


GRAPHICAL     RHPRKSKNTATIONS     THK     RH- 
SUI.TANT     COiMPONKNTS. 

Graphical    Representation  of  Force. 

A  l'"()r<f,  iK-iiifi  ;i  N'rclor  Oii:iiility,  ni;iy  he  rt'iiri'- 
si-ntfd  liy  a  rii^lit  liiu-;  lor  llu-  tlirrctioii  ol  llic  lim-  may 
roproscnt  llu'  lini-  of  action  of  llu-  forcr,  tlu'  iiiai;nitu(li' 
;ind  sftisf  beinjj  rfpri'si-nt rd  l)y  first  ciittiiit;  off  a  portion 
of  tin*  line  to  sonu'  coiui-nifni  scalr  of  inatjnitiKli',  and 
l)v  tlu-n  placini;  on  ifiis  portion  an  arrow  lu-ad  pointed 
in  tin-  sfiisf  of  action  of  the  force. 


Fig.  1. 

I'i^.  1  represi'nts  a  force  of  ten  pomuN  niaijnilude 
actinfj  in  tlie  horizontal  direction,  with  sense  to  the  left, 
as  indicated  l)y  the  arrow  head.  The  scale  of  ni.'ijini- 
tudes  in  this  case  is    '4    inch  -     i   pound. 

I'"i^.  J  represents  a  set  of  lorces«actint;  at  a  point. 
In  this  (liagratn  tlu'  niaf^jnitiides  of  the  forces  are  rejire- 
sented  by  tlie  lengths  of  the  various  lines.  It  is  often 
more  convenient,  however,  merely  to  represent  the  direc- 
tions and  sensi-s  accurately,  and  to  jilace  the  numerical 
values   of    the    magnitudes    l)eside    the    lines   representing 
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the  resi)i'ctive  forc-es  as  in  l-'ig.  y.  Sometimes,  when 
general  conditions  are  merely  wi-lu'd  in  the  form  of  a 
note,  the  directions  as  well  as  the  magnitudes  are  onlv 
re'-'ively  represented,  and  the  actual  direction  ratios, 
ell  as  the  magnitudes,  jotted  down  on  the  tliagram 
as  m   l-ig.  4. 


lO 


M'I'I.II  I)      MAIKS. 


A  (li:iiir;ini,  sue  h  ;is  cilhcr  l-'ij;.  _•,  I'ij^.  ^,  or  I'i^.  ^, 
in  whii  h  is  j^ix.-n  ;ill  llif  rfl.ili\f  inrnrmalioii  ol  ;i  mi  ,,| 
Inncs,  will  Ik-  tricritd  to  ;is  ilu'  Statical  Diagram  o;  th  ■ 
set    ol    lorcrs   in    (lui-slioll. 

Bow's   Notation. 

In  order  thai  tiu-  fjrapliit  al  rciirt-sentation  ol  anv 
parlicular  lone  may  In-  inlfllii^cnlly  and  roncisilv  i  c- 
Irrrcd  to,  a  system  ol  letterint;  known  as  Mow's  \:)ta- 
lion  will  iu-  used  tliroMt;liont  the  W(>ri<  w  hene\  t  |)os- 
sil)le.  In  this  notation,  tile  are.is  between  lIu'  lint's 
represent iiii;  the  forces  are  li'ttered,  .nid  a  lor.e  is  known 
by  the  letters  It  the  areas  on  e;i(  h  side  ol  the  iin;'  rf|)re- 
ser'tint;    th.it    jiarlirtil  .r    Core,'. 

I\elerrint4  '<>  the  Si.ilical  Di.if^ram  (I'if^.  si,  llu'  tone 
ot  50  pounds  is  known  as  either  the  lone  AM  or  MA, 
the  lone  ol  ;,<>  pounds  as  either  the  lone-  lU'  or  C"M, 
and  the  lone  ol  (10  jjounds  as  either  tiie  lone  (.A  or  AC". 


The  Resultant  Force  is  that  one  lone  which  may 
r<>place  and  protiiice   tiie  same  el'lcct   as   ;i   set   ot    forces. 

It  is  usual  to  refer  to  the  Resultant  h'one  merely 
as  the  Resultant. 
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It  is  cxidciU  llial  no  ifsiill.mt  ■  :m  lif  Iniiixl  loi  .1 
sfi  oi  inrii's  in  f(|uilil)i  iiini.  lit-i  .nisi',  il  ill. it  i  (n;l(l  Ih' 
(lone,  lhfH'  would  lie  .1  >-ini;lf  Inicc  (ilu'  H'suIImiuI 
iiiliny  on  llic  l)o(l\,  and,  llu'itlon',  motion  would  t.ik- 
|ila( f,   which  is  iinpossihif  with  (•(|iiilil)iiiiin. 

The  Hquilihriant  or  Balancing;  l-'orce  ol  a  set  ol 
lories  is  that  ont-  lone  whiih,  when  aitini;  with  the  set 
of    lorci's,    |)io(hircs   (•(juilihrium. 

Tln'  I'itjiiilihriant  and  Kcsultanl  ot  aii\  i;i\cn  sit  ol 
loircs  air  ol  »'(|ual  inat;nil iidi',  and  art  in  ill/  sane 
diiiTlion,  hut  with  opposite  senses;  or  concisely,  tiie\ 
are  two  e(|nal  and  opposite  Ion \'s.  l-or,  siiiri>  tin-  \\r- 
sliltant  iJiodiiees  the  same  <-llei  t  as  the  set  ol  loiit-s,  il 
is  nianili's!  Ironi  delinition  that  the  l-'.(|uililiriaiil  would, 
when  a(liiit;  witii  tile  Resultant,  produic  e(|uililiriuiii. 
Ivsperinient.ilK ,  it  max  he  show  11  that  the  only  possihl,' 
ni.imu'r  in  whieli  two  loiees  aetiiii;  on  the  same  l)od\ 
can  ^'i\v  a  slate  ol  e(|uiiil)rium  is  thai  the\  lu-  ol  e(|iial 
mai;nitudi'  and  art  in  tile  same  line  \\illi  opposite 
senses. 

(irapliical    Deterinination    of  the    Mai!nitude,    Direction, 
and  Sense  of  the  Resultant  of  a  Set  of  Forces. 


^         /> 


Fig.  (>. 


Fig.  (ia. 


Let  there  In-  t^ixen  anv  set  ol  lorees,  hut,  to  make 
the  prohlem  clear,  let  us  take  a  set  ol  forces  aclini;  .il 
a  point.  I'lii-  ')  is  tiie  Static.il  diai;ram  of  tiiis  set. 
Choose  anv  initial  point  A  as  in  l-'it;.  ha.  hrom  this 
[)oint  draw  a  line  AU  to  rejjresent  accuratelv  the  force  1* 
in  I'ij;.  <).  l-rom  the  point  1?,  tin-  line  iU"  is  drawn  to 
r<'pres«Mit  tiie  force  (J  |l*i^-  '')•  Iti  the  same  wav  the 
lines  C"l),  DK,  and  V.l'  .ire  drawn  to  represent  tlii'  forces 
S,  T,  ,ind  W,  res])e(  ti\el\ .  If  now,  tlie  initial  point  A 
be  joined  to  the   linal   point    I'",   then   Ah"   ri'presents   fullv 


IJ 
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Ili<'    Rcsull.inl    ..I    Ihf    tones    |>.    y,   s,     1.    ;m,l    W.      The 
pniof  (if  this  statement  is  experimental. 

Nif  ,i.,ii,,„v  ol  llu-  .•.•[).vsi.nt;.li(.n  o.  tin-  rrsiill.int 
in  this  l;ist  .h.i^r.im  (lr|),-n(ls  ,.f,lirrl\  upon  ih,-  ,;.ri-  with 
whirh  llu-  nl.ilix,.  (liriTticHis  .nul  m;.nniliulfs  of  |hi- 
tones  ,iiv  irpr.-scnicd.  II  the  .liivdions  ol  ij,,-  lonvs 
ivI.iliM-  In  on.'  .iMoiluT  ;irr  ivpn-s.-nu-<l  .u.  unil.'lv  in  the 
sl^ilic.-.i  .lMi;r.ini,  tiu'  simplfst  w.iy  of  ronslriutinu  <1h' 
polvKon  IS  to  <li-;,\v  tin-  composinf;  linos  p.inilld  to  coni-- 
spondin^   lines   in   tin-  sl.itir.il   (ii;ij;r.im. 

riir    only    restriction    th;it    is    pljieed    upon    the   ron- 

stru.tion  ol  this  polv^.on  is  that  the  forces  must  be  taken 
in  such  order  that  the  sense  marks  in  the  polygon  point 
continuously   from    the   initial  to  the    flnal    point.     Ihc 

sense  mark  of  the  resultant  is  aKvavs  from  the  initial  to 
the  hnai  point,  and  is,  as  it  were,  counter  to  the  other 
sense   marks. 


Fig.  7. 

I'iR.  7  shows  an  improper  w.iv  of  < onstruttinir  the 
dia^jram.  It  will  he  noticed  th.it  the  sense  marks  do 
n<)t  point  eontinuously  around  the  diagram  from  the 
""lial  to  the  lina!  point.  The  resuhant  mav,  however 
l>;-  found  hy  a  different  .-.rrangement  of  the' representa- 
l"-"s  th.-.n  th.-.t  shown  in  l-ij,..  ha.  Fit;.  «  shows  a  dif- 
lerent  dia^r.-.m  properly  constructed  with  sense  marks 
pointinfi  ronlinuously  from  the  initial  to  linal  point  The 
resultant  :is  found  in  this  last  case  will  have  exactiv  the 
same  magnitude,  direction  and  sense  as  that  found  in 
I-ig.  (.a. 


I 
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In  tin-  r;isf  wlicif  lllc  Ion  fs  do  ilul  mi  I  .il  ;i  p<)int, 
tin-  priMcrlmr  is  cxmcIK  tllr  n.hiu-,  llir  Inircs  hciiii; 
ilioM'ii  in  sui  h  order  lli;il  tin-  scn^c  iniirks  on  llirir 
rfpit'M'nlMtioiis  point  ronlinuoiislx  Irom  ilir  initial  to  the 
tin;il  point   ol    tin-  (li;ii;r.nn. 

I)i;it;i;inis  such  ;is  hit;,  ii.i  ;ni(l  lit;.  S  will  h  ■ 
ri'lrrrt'd  to  in  lutuif  :is  Vect(»r  Polygons  m  Vectiir 
Diaf^rams,  mid  must  not  lie  ronluscd  with  thr  St.ilii.il 
l)i;it;i;iM).  Ilu'  distinrlion  lirs  in  tin-  hut  thai  tin- 
Sl.itiial  Diagram  !.;i\rs  all  inlormation  n-i^ardint;  thv' 
actual  rclalM'  positions  ol  the  loircs  as  th(\  lie  in  s|)ar-, 
as  well  as  thr  propritics  of  the  tone's;  wluiras,  onl\  tlu' 
niat;nil  iidi's,  ditcrlions,  and  senses  ol  the  lories  need  hi- 
known   lo  eoiistnn  t    the   \  erior    I'oK^on. 


Fig.  «. 


I'or  a  set  ol  lones  aetint;  at  a  point,  tile  resultant 
must  aet  thii)ut;h  this  point  in  order  to  |)ro<liiee  the  same 
t'lU'ct.  Also,  sinre  the  eqiiilihriant  aets  in  the  same 
direition  hut  in  the  opposite  sense  to  the  residtant.  the 
fC|iiilil)riant  of  a  set  of  forres  ailing  at  a  point  must  als  > 
ael  throui,'h  the  point.  This  i;i\es  a  method  of  loratin>4 
llie  resultant  and  e(|uilil)rianl  of  a  set  of  fori  es  artint^  at 
a  point,  hut  for  the  tieneral  ease,  where  the  fore's  d  > 
not  aet  at  a  (joint,  the  location  of  the  resultant  and 
ec|uilil)riant  does  not  admit  of  such  an  eas\  solution,  as 
will  he   seen    later. 


First  Graphical  Condition  of   Hquilibrium. 

It  has  been  shown  thai  a  set  of  forces  in  er)uilil)riuni 
can  ha\e  no  resultant.  Therefore,  if  the  \ector  |)olvi;on 
he  constructed  for  such  a  si't  of  forces,  tlu-  distance 
between  the  initial  and  final  puints,  which  represents  the 
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ftMill;(nI,  iiuisl  l)f  i(|ii;il  to  /ito  ;  i.e.,  ilu-  initial  and 
final  ixiints  will  rnini  idc,  or,  in  other  words,  iji,.  |)olyi;on 
.  loMs.  I  mm  this,  Ilu  II.  the  Hrst  graphical  condition  of 
equilibrium  is  that  the  vector  poly{;on  must  close. 

Components. 

It  lias  hffii  poinii-d  out  that  a  M-t  ot  tones  mav  lie 
replared  In  a  sinjile  lorre.  Conversely,  a  lone  mav  Ik- 
re|)lare(l  liv  a  set  ol  tuo  or  more  Ion  is.  The  Ion  i.'s 
c  omprisino  sim  li  a  set  ari>  known  .is  Components  ;>!  the 
n[)lared  lone,  .iiid,  sinee  the  lone  is  intenhani.'.eal)le 
with  an\  sit  ol  its  coniDoiients,  it  lollows  thai  a  force 
is  the  resultant  of  a  set  of  its  components.  Ihis  ma\ 
he  ir.ore  rle.irly   seen   Irom  j-'i".   c). 


Vid-  9 


Fi){.  10. 


I.el  A!';  n'lin-sent  ,-iny  lone.  Al-;  is  the  n-siiltant  of 
AM,  IK'.  (.1),  and  l)i:;  i.e.,  .\K  may  replace  AM,  MC", 
fl).  and  l)i;.  Conversely,  the  set  A!?,  MC,  CI)',  ami 
1)1-;  m.iy  n-plaee  .M-i  ;  i.e.,  they  are  a  set  ol  eomixments. 
Ai;,  the  orit;inal  lone,  is  then  the  resiilt.ini  o|  .any  of 
its    component    sets. 

JTom  Ihis  last  statument  it  is  seen  th.it,  if  fnim  the 
initi.il  point  of  the  repn'si'ntation  of  ;i  lone  a  niimher 
ol  lines  he  dr.iwn  continnoiisly  till  the  tin.il  point  of  the 
oritiin.il  n-present.ition  is  reaehed,  th<-se  line-  will 
represent  a.  set  of  components,  i-'i^.  lo  shows  a  numh-.-r 
of  sets  of  components  to  the  lone  .\M.  It  is  e.isily  seen 
that    ;m   infinite   mimher  of  such   sets   mav   be   found. 

To  anv  force  there  mav  be  found  an  infinite  number 
of  sets  of  components. 

Resolved  Parts. 

In  many  of  the  pniblems  of  Statics,  it  is  convenient 
to  consider  .i  lone  .is  replaced  by  a  set  of  components, 
and    in    order   to    .jive   deliniteness    to   the    ])n)l)!.-m.    it    is 
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ii>ii.il  lo  n|il.ii  f  llii-  iiiii;iii.il  Iniii  1)\  luii  .  .iinpi  iiu  nt  N 
wliosi  (lirt'itiiiiis  ,i\v  imliiu'd  .il  rii;lil  .ini;lis  to  inv 
jiilotliff.  SiK  II  ,1  |);iii-  111  romiiimtnis  .irt-  known  ;is 
Resolved  Parts,  ;inil  sm  r  .\  \ia\\  nl  nsohtd  p.nls  nui-.| 
;il\\:i\--    ail    |)(t  pcnilii  iiImi  l\    In   nnc    .innllu-i,   llic  (iliiili  m 


lig.    M. 


Fig.   12. 


ol  one  iiNolvcd  ]).irl  hiiiij;  i^ivcn  lixts  tlic  diriMtion  of 
till'  it'ilKiininti  rcsoKrd  i);i!t.  I  lie  opcr.ition  ol  lindiiii; 
tllf  \;iliii'  ol  ;i  pair  ol  ri'soKfd  parts  in  am  i^iMii  diri',- 
tions  that  arc  pfrpfiidiciilar  to  one  anotlu'r,  is  known 
as  resolving   tin'  nritiinal   lone   in   tliosc  directions. 


ir> 
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I'i\.m)pl«' : 

A  lui.r  <i(  50  pounds  ;ii  Is  hori/onl.ilh  lo  llu-  ri^Iil. 
I'ind  the  inaj^iiitiidf  i>l  ,1  pair  <>l  ifs.iKcd  p;iils,  one  nl 
wliii  li  is   iiii  lined  li>  llic  hori/imliil  ;il    lliiriv  dci^rcvs. 

I'lilil  ihr  stiidcni  I), IS  l)f(  oriic  l.iinili.ir  with  llic 
olMT.iliiin  ol  risnlviiii;  Inn  cs,  it  is  ;id\  is.ihlf  to  dr.iw  ;i 
rout;!)  f^iMpliii.il  rcprisfiit;iiion  ol  ilu-  lone  ;md  tlu' 
n(|iiiri(l  i»sol\cd  |),irls.  .ind  llicn,  Iroin  llic  (hit;i,  liiul 
by    trii;ononiclrir;il    iiuMiis   the   rc()iiiri<l    \;iliu's. 

I.cl  \H  (I'ii;.  II)  iiprtsiiu  the  ^i\in  lore;'.  AC  .nul 
C'|{  i\idfntl\  ic|)rcs,iit  tin-  i((|uir(<l  icsoKcd  p.iris,  lor 
AC  m;ikrs  .in  nn^h-  ol  _?oO  with  the  hori/ont;il,  and  CH 
is    iicrpcndiculiir   lo    AC.     'riicii 


A(  \|{ 


(  M       .\n  si 


50    X     I  . . 


uhiili  ^i\cs  the  ii).iL',nilii(lis  ol  the  rcsoKcd  |);irls  in 
liTins  ol    lilt-   orit;in;ii   lone 

I  here  ;irc  three  other  (  orrec  I  solutions  to  tlie  |)ro- 
I'ieni    \\hi(h  ;ire   shown    in    l-'i^.    ij. 

AC.  CM;  AC'.  C'R  ;  AC".  C'|{  ,„-.■  resohed  p;irls 
wiiirh    lill   the   r<-(|uiremenls  ol    the   prohieni. 


Fig.  13. 

Resolved   Parts  Perpendicular  and  Parallel  to  a  Given 

Force. 

AC,  CH;  AC'.  C  |{.  :ind  AC  ".  ("H  [VU^.  ,;,)  repre- 
sent sets  ol  rev.hfd  p.irts  of  AH.  'i'he  directions  of 
AC  ,  AC'.  ;ind  .XC"  ,ire  respeclively  ne;irer  to  coineidenee 
witil    the  direelion    of    .\H.       jiie   directions    of    CM.    C'B. 
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iiiul  (  H,  oil  the  ..ili.i  h. 111(1.  .i.r  ii'spc.  li\  civ  mon-  iif.irly 
prrpriHli.nhii  I..  \|{.  \|sn.  \(  "  is  n,.n.r'  llir  v  ..li...  ol 
AM  iImii  .\(  ,  ;in(|  (  "|{  is  ,|,,s,i  to  tlu-  \.,liif  /no  th.in 
l"H.  (.■..iiM<|ii,nils.  it  \|;  i„,  riNolM-d  in  .lin.  lioiis  ,  oin- 
tidcni  Willi  .md  p«i  pciidic  ul.n  lo  iis,ll.  ilu-  in.i^;ninidi-s 
i»l  Ilu-  ivsoh.-d  p.irls  would  In-  ics|)ri  ii\  ,l\  ('(|ii.il  lo  \U 
.tiul  /fro.  In  >4.iui;d,  ih,n.  the  magnitude  of  a  resolved 
part  perpendicular  to  a  jjiven  force  is  equal  to  zero, 
;  nd  tlie  correspondinf{  resolved  part,  whose  direction 
must  he  coincident  with  the  given  force,  is  equal  to 
the  given  force. 

Horizontal  and   ^'    tical   Resolved   Parts. 

In    cn^iinci  s|;iii,;il     prohlriiis,    it    is    c  usioni.ii  \ , 

linlfss  olIuTwis,.  s.iilrd.  to  ronliiif  allcDlion  to  H'sol\,il 
p.irls  in  flu-  hori/onliil  ;ind  \crli(,il  dirtriions.  and  in 
order  llial  llu'sc  may  lie  .  on.  iscl\  rclrrrfd  lo,  the  hori- 
/..iilal  r.-solvfd  pan  is  .ailed  tiV  \.  and  the  v.rti.al 
res.,K,.d  part  the  N  ol  the  Ion v  in  <nu.siion.  }■  ,irtlu-r- 
Mion-,  as  will  I).-  sr.-n,  sin.c  the  solnlion  ol  main  i>ro- 
lilems  depends  u|Min  the  al^ehrai.  summaiion  <il  ihu 
X  s  .111(1  N  s  ol  a  sel  ol  lor.  es,  a  iiiiueiilion  as  lo  the 
posilixc  and  neK-itive  sii;,,  .>l  W  and  \"s  nuisi  he 
.'tf^reed  ii|)oii. 

Horizontal  resolved  parts  (X's)  acting  to  the  right 
and  vertical  resolved  parts  (Ys)  acting  upward  shall 
be  considered  positive. 

Magnitudes  of  the   X  and   Y  of  anv    Force  whose 
Inclination  to  the   Horizontal  is   (iiven. 

I.i-I  AH  (l-i^r.  14)  represent  a  lone  ol  m.iuniinde  \\ 
M  the  in.  lin.ition  ol  the  line  ..I  a.  lion  .il  the  lone  lo  the 
linri/onl.il  he  the  .intile  <•  as  ■,ji..wn,  \hrn  M  and  (1! 
represent    Xi-  .md    \\-  n-spe.ii\  cK . 


Xf  A(  \H    ,  ,,s   a  |>   ,.,,s    a. 

Vf  I   {{  .\|{    sin    a  |>    sin    a. 

II  I'  .i.t  to  the  left  as  re()res,nU(I  hv  AM',  and  the 
;in,i^le  ol  in.lin.ition  still  remain  a,  \|.  js  .u-aliM.  I,ui 
its  magnitude  is  still  i.ixen  hy  I'  ...s  a.  11,,.  ^i,  j,  ',„,,i. 
Ine  ,ind   still  ol    m.itjniliide   I'  sin  a. 

It  is  seen,  then,  th.it  the  m.ij;nitll(l.  ol  the  X  .)!  an\ 
fone,  irres,x-.live  .)l  its  sitjn.  is  yiven  hv  the  product 
of  the    mai^nitude   of   the   force   and   the   £t)Stnc   of   the 


IK 
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anfjle  of  inclination  to  the  horizontal.  I  lu-  in.i);niiti<lc 
•  il  tht  ^  <>l  .iii\  litni'  Is  ^ivcn  li\  the  product  «if  the 
ma|(nituJc  of  the  force  and  the  sine  of  the  anf(le  of 
inclination  to  the  horizontal. 


The  X  and  V  of  Horizontal  and   Vertical  Forces. 

Il    I'   l)('   a   hill  i/iii)t;il   liiric,   ihcii   "      o,   ^>iul 
\l'       I'   los    a       I'   (OS    ()         I'. 

\v     I'  sin  "     I'  sin  o       o. 
Il    I'   l)r   :i    \tilii;il   Inrcj-,    llu'n   "     ()o  ,   ;in(i 

\r        I'    (OS    O        I'    (OS    C)(>  o. 

^  !■      I'   sin   «      I*   sin  <KV-  P. 


I  l);ii  is :  The  horizontal  resolved  part  of  a  horizontal 
force  and  the  vertical  resolved  part  of  a  vertical  force 
are  hoth  equal  to  the  force  itself. 

The  vertical  resolved  part  of  a  horizontal  force 
and  the  horizontal  resolved  part  of  a  vertical  force  are 
hoth  equal  to  zero. 
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CIIAl'TI'K    I\-. 

MOMHNTS     ANALYTICAL     CONDITIONS     OF 
HOUILIBRIUM     COUPLES. 

II  ,1  l)()(l\  he  piiKK'd  al  soiiu'  one  poiiil  ;iiul  .'ited 
on  by  aii\  Ion  (•  not  passinti  tliroiii;h  this  point,  tlu-ie  will 
l)c  [JKidniid  .1  lolalion,  or  a  Iriulcncv  to  rotate,  i  a 
luw  point  1)1'  ilioscn,  or  il  a  ni'w  I'ono  hv  intro-!  cd, 
this    icndi'iK  y    l(,    lotati-    will    also   rhalifji". 

1 1  nia\  l)c  shown  that  tiu-  tiirnintj  rllVct  varies  as 
the  product  ol  the  rnat;niliide  ol  the  loree  .and  the  per- 
pendii  iilar  distance  ol  the  force  lioni  the  ])oint.  To  this 
prodn(  I    is    yixen   the    name   ol    the    Moment   of   the    force. 


Fig.   15. 

Delinition  : — 

The  moment  (»f  a  force  about  a  given  point  is  the 
product  of  the  magnitude  of  the  force  and  the  per- 
pendicular distance  of  the  point  from  the  line  of  action 
of  the  force. 

."^nice  it   is  dficii  iiecess.iry  to  find  the  alj^ebraic  siiiii 
ol   the  niotnenls  of  a  set  of  for.  es  about  some  one  point 
;i   coint'Tilion    as  to  the   ix>siti\e     and     iU'j.;.itive     si^n    of 
monieiits   has   to   Ir.   .agreed    upon.      In    .,11    the   followintj 
problems,    forces    which    produce    or    tend    to    produce 
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rotation  of  the  body  acted  upon  about  the  point  in 
question  in  the  sense  of  the  motion  of  the  hands  of  a 
cl(»ck  have  positive  moments. 

Il  m;i\  Ih'  s;ii(|  lure  lh;il  the  ollui  sriiM-  dI  rol.ilion 
i^  xcry  nlirn  used  .is  tlic  positive.  It  i.-;ill\  docs  imt 
in.ittfr  which  loincniion  is  use;!  as  long  as  one  con- 
vention is  adhered  to  throufthout  the  same  problem. 

As  ;in  illiisiiMiion,  l«'l  I'  and  (J  (I'iii.  15)  icpi  i-ciU 
two  tore  fs  ;i(  tint;  011  ;i  Ixxly,  ;(ii(l  Id  A  he  ;m\  poiiil  in 
the  body,  :i  .ind  li  lu'ini;  'he  iitipc-ndii  iihir  dis|;inrfs  nl 
I'   .ind   O.    rcspi-ctivt'ly,    Irom    ihc    |)(>iiil     \. 

Iin:itiininj^  the  hody  to  he  |)inncd  at  A,  thr  ton  r  1* 
would  ciiisf  or  tend  to  crmsf  a  rotation  ol  the  hoilv  in 
Ihf  counter  (lockuisi'  sense  ol  motion.  Ihc  nioiiient  ol 
I'  ;il)oiit  A  is,  iherelore,  ne^.itixf,  and  tna\  he  con.  isilv 
writti'ii  — 


Ml 


P.. I 


I'nder  the  same  londitions,  (J  would  ciusc  01  lend 
1.)  cause  a  rotation  ol  ihe  hody  in  the  same  sense  as  the 
motion  ol  the  hands  ol  .1  <  lo(  k.  (J,  in  consi>(|ueni  i-,  is 
said   lo  ii,i\e  ,1   |)ositi\e   momeni,    so  that  — 


M< 


(). 


H     J\' 


V\^.   Hi. 

Analytical   Determination  of  the  Resultant. 
To  show  that  :iX     Xk  and  -Y     Yk. 

I.ft  .MKI)!-:  (hii..  ,,,)  he  the  \-.vtor  lolvoon  ol  ,, 
set  ol  lorces,  the  result.int  ol  wiii,  h  it  is  recjuired  to  liiui 
anai\  ti(  ,ill\ . 


i 


■J4 
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Iliroiii^li  A  (Ir.iu  W  1..  rf|)rcsfnl  tin-  Iiori/onI;!! 
<lir,Tii,.n  ;i,ul  Ironi  M,  C,  I).  ;,n<l  I-;  drop  ,„  rpciuliciihirs 
lo  W,  inlcrsc,  iin^>^  W  ,ii  \- ,  (i.  J|.  ;„ul  \,  ri'spciivfly 
Through  M,  I),  ;in,l  |.;  draw  H.M.  Df.,  ..lul  Kl-]  parallel 
to  .\.\,  inli-rMc  liiit^  l<;  and  |)H  at  M,  1.,  and  K, 
re.spf(  tivi'ly. 

riu-  hori/ontal  and  vcrlical  ros,,lvi-d  parts  of  the 
fonts  r,.pres,-nlcd  l,y  AH,  lU'.  fl).  and  1)1.;  an-  rrpn-- 
srnicd   by  I  In-   lollowinj;   lines  : 


Xah     AF. 

Xiu       MM      |-(,. 

XvUr,     I.I)  (ill. 


Vtn- 

Vin:      —  KD-    —  TI.. 


iVnoiinj^  the  alMobrai.-  s„m  ol  tlu'  horizontal  re- 
M.h..,l  ,,arts  l.v  i.\  and  the  al«H,rair  snm  ol  the  vrrtiral 
rt'solvi'd   parts   In    i-\' — 

-X  -  Xah-  Xhc  -.  Xin,  Xm:. 
AF     l-(;-(;n  .  n\. 
AX. 

Hul    AX-  Xai:      horizontal    rrsohi-d    part   ol    the    ri- 
siilt.-int  ;    I.e.,   iiX      Xu. 

-  N'  ^  Yah  -  \m  -  \\  u  +  \'nr: 
.  (;M,M(__1.C_tl. 

-(JT-  xi;. 

But    XF•.^•A,.:-  vert i,-al     resolved     part    ,;(     the    re- 
sultant;   i.e.,   i^•-=VK. 

Ft"    the    im-Iination    of    the    line    of    a.tioti    of    the 
resultant  .\I-   to  the  horizontal  he  denoted  bv  a.  ,i,en_ 


XI-:  vy 


tan   a- 


AX  v>^ 

:ui-l   K     A!-;-  V  AX%  XK^^  ylx^  +  iy  . 
To  show  that  -INI^Mk. 

Consider  any  twf)  forces,   l\  Q,  as  in    Fijr     ,- 
Determine,    In    means    of    the   vector     polvi,M',n.    the 
sul.ant    R   ol    I>   and   O.     This   resultant    will  art    at    I) 
.'  inters,-,t,on    A  the  lines  of  action  of  |>  and  O. 


re 

th 


M'l'l.ll  1>      >  I  \  I  It  >.  .•:^ 

(house  any  point  A  .il)oiil  wliiih  lo  lake  nioiiu'Mls, 
join  \  lo  i)  .ind  liuoiii^li  A  draw  a  line  parallel  to  the 
line  nl  a(  lion  ot  tlic  rtsiiltant  K,  iiitirsiM  tins;  I*  ami  O  at 
1>  and  (  ,  It-spec  I  i\  ,|\  .  I'lie  ])er|Hndic  ular  disianres  ol  A 
troni  llie  lines  ol  ai  iion  ol  1',  O,  and  l\  are  li,  a,  and  i  , 
respei  1 1\  e|\  . 


Vector  Polygon 

Fig.  17. 


Riianse  the  lines  lil),  IK  ,  .iiid  lU"  are  situated 
reiatixflv  to  one  another,  as  are  the  directions  ol  1».  (J. 
;ind    K,    the     trianiile     HDC"     iiiav  In-    taken     ,is    a    ve.     >r 


M'I'I.III)     MMKS. 

Poly^.m  ..I    ,1,..  I.,,,.,..  |.,  o.  „„,    „„.i,.    ,.,.^,,1,^,,,,    ,      ^^^ 
I  .ikini;    rnoniiTils  .ilxxil     \  — 


Ml. 

—  IM) 

—  \U).h 

-  -'    -i    AMI). 

Mu 

-(J.., 

-IH... 

-   J    A    AIH  . 

Alk 

-  K.. 

lU  .. 

-  -'  -^  m)c. 

/)rn..,in^    .In.  .|...hrai.    sum   „l   ,1,,.  nmnu.nis   ,,1    .iu- 

-M        Ml-   •    Mo. 

-  — -'  A  AMI)—..  ^  ,\ix. 

-  — -•  -i   HDC. 
Mm  —  J  .i   MIK'       .Mk. 
Iluri'lorc,        ^M         Mk. 

Th.it    is,    tin-  alKH.rai.-   sum   of  the   mom.-nis   of   two 
..n-..s   ..,  ,ou,   any   pom,    is  .c,ual   ...  the   ,nonu.,„  o,    .lu-ir 
KvMiIlant   al)oiit    iho  saiiu-   pojm. 


Fig.  18. 

'-'.a.    tin-  proof  of  ,he  las,  proposition   will  ,pp|,   ,, 
•'   '-M.     whore    ,lH.     set  of    foncvs   is   n,orc   than     two 
--;y><->^.   ....  s..n   I.,  ..onsicK-rin,  a  s..   of  f;;.-r 

iH  r.pl...,..d  In  thcr  resuh.-.nt  R,.  so  that  R,,  S  T.n.i  T 
..r.-  .c,t,n.-,..n,  to  the  orijjinal  se,  of  |„n  es.  R  •,„  S 
'•'.'.v  >h;  repla.c.l  I,v  their  resultan,  R..  leavin,  R,  i  T 
.-  -lu.vale,,  ,o  ,iH-  ori^nnal  four  forces;  that  'is  n 
;"-'-•  ol  iones  .-on,prisinn  =•  set  nK.v  be  inal  v  ;;iu;'ed 
-;  ;'"  equivalent  pair  of  Iones  hv  surh  a  svs.em  f  ,, 
'"-"K.nclsuhstitu.in,   resnhants.    ancl,o-,h  ,'        ; 


\rn. Ml)    >■  I  \  I  K  •<. 

Ml    IduikI    iiKiy    1)1'    .ipplird    ilu-    |mM  cdini;    jhi'oI       There 
fore,   -iM       Mk   for  any   set  (»f  forces. 

In  I'it;.  17,  tile  point  \  mii;lu  li.i\c  hiiri  l.il^ni  in 
si-\rr,il  ollifi'  p(>silinn>  ri'hili\f  to  P,  O,  .md  Iv.  ll  tin 
point  Im'  t^ikcn  in  the  line  ol  ;ii  tion  ol  citlni  I'  or  <_),  llir 
nioiiicnl  ol  lilhii  I'  or  (J,  rcs|)r(  li\  cK  ,  would  In-  /iio. 
ll  tile  poini  he  tjUtn  in  thf  line  ol  ,i(  tion  ol  K,  ii  i< 
evident  lli.it  ;i  new  <  ( insl  riielion  inu'>t  be  de\i-ed.  In  lliis 
(•;isr,  draw  tiuoui:!)  the  |)oint  a  line  parallel  lo  either  tin- 
force  I*  or  O,  produc  iny  il  to  intersect  the  line  ol  .11  lion 
ol  the  remaining.;  lorre.  The  triani.;le  --i)  lornu-d  in.iv  he 
t.iken  as  a  vertor  ()ol\v;on  .is  helore  ,ind  the  s.une  prool 
applied,  the  moment   ol    K   heini.;   zero. 

r.ihlilalint;    these    analvtiial    results  :- 


Six  =  Xr. 

^N'     ^'K. 

:^M        Mk. 


tan   " 


.\         ^N    . 


I- rom  these,  the  mai;nitude,  direi  tion,  sense,  and 
location  ol  the  ri'snltant  ol  an\  set  ol  lorci-s  m.i\  he 
liilly    determined. 

Analytical  Conditions  of  Hquilihrium. 

It  has  previously  been  show  11  that  a  set  ol  lories  in 
ec|iiilil)riimi  can  ha\e  no  resiilt.int.  l-'rom  this  it  follows 
that  since  the  v.iliie  of  the  resultant  is  zero,  the  \.  \  , 
and   M  of  R   must  he  i'(|ii;il   to  zero,   and  <  onse(|uentl\  : 

i;x  -  o. 

iV       o. 
iiM       o. 

.iro  trie    .in.ilytical    conditions   of   ec|iiilihriiim. 


Couples. 

Definition :  A  couple  is  a  pair  of  equal  forces  which 
act  in  parallel  directions  with  opposite  senses. 

I'ifi.  i<)  represents  ,1  couple.  1  he  two  lorces  ate  of 
m.it;nitii(le  I',   and  are  a  distance  u  apart. 

II  the  vector  [lolyt^on  he  dr.iwn  for  these  t  >\  o  lorces 
il    must   necessarily  close. 

Let  o  he  the  an^le  th.it  the  directions  of  the  lorces 
mal<e    with    the  horizontal. 


jS 


Xr'I'I.M  [)     SIXTHS. 


i.M 


Apphin;;     llu.    .,n;,lMi..,l    ,„n,liii„ns    i\.     vy_     ,^,^^, 


-X  I»    ,  ,)s    a  _   |>    ,  ,,^    a  jj 

-^  I'    sin    a  ^_  |.    ^i„    „  y' 


■|;iki 


"A  I,,.  ,,|„.„  i„  ,,„,.  ,„i,^.^  p„si,i„n,  ii   is  r„u,ul  ih-.t 


-•»'        i'.;i        tOiist.ini. 
Siimrn.ir\- : — 

'•«"■  ^'   '-upl.     .iK-n,    ,lu.   x.M„.r   poly...n    ,nus,   dns. 
-■\        o. 

-•»•   "    P.;i        C'onst;ml. 


\n  I  M  i>    >i  \  I  n 


M 


i 


M> 


M'i'i  ri  I)    SI  \ii(  >. 


M'I'I  III)      •>  I  \  I  l( 


.;i 


(II  \l' I  IK    \  . 

i)i:ti:r.minatm)n  oi    inknown  i(>hci:s 
tlinsion  and  co.mi'ri-ssion    strhss 

IN    TRl'SS    MH.MBHRS. 

I.rl  I  iy.  .'o  I f|)H-N(iil  J  |)l.mk  itsliiii;  im  .111  .iliiil- 
niriil  \  sill  li  ih.il  10  led  .iiul  ',0  litl  ul  IJu-  lol.il  lfiii;lli 
oMih.iM!;  lo  llu-  Itll  ;m(l  iiL;lil,  irs|)i(  I  i\  rl\  ,  II  iim> 
poiiiKK  !)!■  |)l;i(  (•(]  on  llic  IctI  li.md  ciuj  ut  llu-  he, mi,  wli.il 
miisl  In-  llu-  m.ii^nit  ikIc  nl  llir  Inni'  |*  cMTlrd  .it  llu- 
nllu-r  (-11(1  ill  oidi-i'  lo  |nTs(-r\  I-  i-<|iiilil>riiim,  ,in<l  wli.ii  is 
llu-    m;ii4Milii<K-   ol    llu-   ;il)iilnu-nl    it-;irtioTi    A' 

C  Oiisidi-r  llu-  lu-.im  :is  ;i  rii^id  l)o(i\.  llu-  lories 
.iilint;  on  llu-  body  ;iic :  llu-  :il)iilnu'nl  rc;iilion,  .irlini; 
\<-rlir;ill\  ii|)\\;ird  willi  ,1  in.ij^niliulc  of  A  pounds,  :ind 
llu-   two   ton  i-s   ol    nuiyniliidi-,    loo   and    I'   ])oiinds,   .h  lint; 


mo 


/o 


u4. 


JO 


Fig.  20. 


:j 


\(ilii,ill\    (low  n\\;ir(l.    .iiul      llicsc     ihrci-      loii  i-s     ;irc     in 
r(|iiilil)|-iiini  :    llu-n-lorr.    -X      o,    i\       <>,   .md    IM      o. 

\ppl\     llu-si-   ;in;ilytir;il    rondilions    ol    t-(|uilil)iiiiin  :  - 

-\      X  UK)  •  X  \  •  X  I'     (). 

t)  •  o  ^  0     0    sinci-    ;ill    ilu-    lore c-     ;ii  1    M-iii- 
r.dlv. 


-^     \  100  -  N' \  •  \ V   0. 

—  lou      A  —  1*     t). 

A—    1'         l(K) 


(i) 


1  .iki-    inonu-nts    ahoiil     ,iny    poinl     in    llu-    ahiil  iiu-nl , 
'^•'>  <     '^-      (llu-     ron\»-ntion    as   lo    nosiii\,-     and     lu-ya.M 

' ' •  -■      -*'       •'. ^  j^!      fi:    :r  liid.  ; 
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-M      Mi.H.  Mn  .  M,.     ,,. 

MX)    '    Id    .    t)    .     |> .^o       ,, 

lixx< 


I' 


(-•) 


JO 


Sllli-liliililli;    ihiv    v.ihii.    nl    I*    Iniiiid    ii 


<    l-M    llllo    (  I  I. 


ICXJ. 


I'        "ill       !..•       M..li,,.,|       ,h;„        ,|„.         ,.,,„;„i„„       S^  ,j  . 

•il-.I.M.K    MO   intorm.iiinn.    ;,n,l    .Is,.   ,h,,,    j,    |.   |,„,   f,; 

''-'•Kn..n„;    ,h..„    ,s.    „    is   „n,   ..,|„  ,vs   n.-.  ..ss,,,.    „.   ns. 
•''.'"•'•'■  <'l'ml>..ns   .„   (in,|   ;,„    MMkiunvn   C|U,.niiu'.      \s   ,., 
;;"*''  ''"V';'''''''  ^  ''-«''•'-'  «i^.■"  pn.hK.m  nr  .lu.lu.r 
-.'•kin,    ,.,.o,.,.„„.    „i„    ^i,..    ,„^,    ^„J„,,    ,,^^_  '      • 

-'..nnin..    ,l„s    .,,    on,..   In    ins,H.,  ,ion.      \,.    inis.ak. '  ,  .n 
'"•  "••;•''•■   ''■  — .   I.y   usin,   .11   ,hr....  ..,,u..„ions. 

I   .1    M'     ol     lonvs     :,ri.   in   .■<|uilil„ium,    it    .lo,-.     not 
MKMiy    ,„H„    „h.„    poin.    moimnts    .„-.■    Ukrn  ;    l.ul    i,    i. 
'":'   '"  '■'';"*^"'  ''  I"""'   i-'   ""•  li'T  ul   ..,.,ion  o,   .„H.  ol    ,)„. 
.    knoun   lonvs,    .or   l.v    ...   .,o.,„     „,..     „„.„„.,.,    ..I     , 

••■"•    •"■<"'■—.   •■'lU.-.I    ...    /.ro,    thus    ,.|i,nin,„in.    ,,n    „n- 

OKI'S  in  (|m'sti,.n. 


Abutment  Reactions. 

'■i«-    -M    tvpn.srnts   .-,    truss   supporU.,1   ,.n    lu,.   .,|„„. 

zrAi-rMK*:' ''•'"' ' ^'-^  ■••  "--—u;' 

.'■I";  >n,ss   is    ..,..,1  „,„.„   ,,,   ,  ,,,    „,    ,„„^i,,^.    .  _. 

;vlH.h.nrin»'(|Uilil,r,um;,h..r..(..,..  ,.,,.  ,|.iss,.,  ,.,   ,„,,... 
--^     <),  ->      (.,  .111(1  i.M     o.  ' 

J.^kr  momrnts  .....ui   ..nv  p,.int    in   tin-  line'  ol    a,.,i,.„ 
"'    •"'"•'■   'il.'""..-!!!    r,M.ti,.n,    s;,v.    DC. 


MTI  III)     s  I   \  I  K   ^. 


x\ 


-M      Mm       M\ii      Mil.       M,  i.      Mm  ,,. 

•'•      (<>  IIH).;<I  Mni.IO         ().(1  llHl.'M  <l. 

I'-    (<  1  Ic  K I    I  ;,  I        lo       .'()|  ,1. 

I'  IV 

-^       N  VI       \  Ml      N  II.       \  ,  \,     \  |. 

I    ^<  >  I  .  >    >  I  I  II  <  (    )  I  I  H 


/oo 


lOO 


I  Ik-    use   ol    Ih.'    hisi   , (111,, linn    is,    in    .,    s,ns,-,    siipir- 

lluolls,     r,,r    sin.T    III.-    :il)Ulnu-Mls    suppull     jll    ih,.    l,,;,,!.    ;|,l(l 

tl  on.  :iliiliii.-nl  lu-  \,^w^^\  t..  supporl  150  poiiiHU. '  lli.ii 
tin-  nih.T  must  Mippoi-l  Ihf  r.niaiiul.T  .•!  ilir  l,,;,,!.'  |i  ^ 
\\cll  lor  ih,.  sn„l,.nt,  li.,u,\,.r,  l.>  m,.  t|,:,i  il,i^  n-,is,,nin.^ 
is  r.-.illy    l),is.-(l    upon    llu-   1  iiiulition    i.\'      o. 


Tension  and   Compressir    . 

II  ^1  sU-i-l  l.;ir  \\\  (l-i^.  jj)  ,,-si  ;,i4;,inst  ;i  Willi  :ind 
.1  n-Mill:ml  Ion.-  I'  In-  .x.Ti.d  ;it  \\  -li^.nnsi  tl,,-  l);ii-,  tli.- 
I':ir  is  s:ii(l  to  i)c  in  compression. 

Kft-piin  in  niiiui  N.-uLmi's  ihinl  jau  nf  inoii.m, 
'''•"  :i'  'ion  ;  I  ri-;i(ti.m  ;irc  fcili.-i!  and  opposil,.  it  is 
.-M<l.-ni  ili,,i  .,1  M  tluT..  must  •■  a  ton-,-  .■xfrtc!  ..mirarv 
■  ind  .■,|iial  I,,  I'.  This  is  indi.  .u-d  In  I),  il  am  sc(  :ion 
MK'li  as  f  1),.  ,x,,miii.(l,  il  also  r,)||n\\s  that  tiu-  .,■  In 
hand  pariicifs  must  I,,-  .•x.-rtinj,;  a  loirc  .-Cjiial  lo  I',  \m  ■,  Ii 
1^  nsisi.-d  by  tlu-  l.li  hand  pani.l,-s,  as  iiuii.at.  d  In 
1-.  and  !-.  Ariivinu  .11  llu-  t-nd  A,  th.-nj  is  ov,.,|(.(!  ;.  -v.iJ-, 
•  liiamst    tlu-   wall    ol    ma.iiiiitu.U-    I'   as   r,-pivs,ni,.,|    ),(    '(;' 


.u 
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"  ■'  ^'•■'■'  ''•"  \l^  ll'ii^-  -.;l  ')«■  ,llll\.(l  1,.  ;m  .llltll- 
"•"•nl  .md  ,,  r.-sull.nil  l,>r.  ,■  I''  l',,.  ,.\rrl,-<l  s, ,  ,,-  to  l;,,,! 
I"   pull   Ihr   l)jr   .iu,i\    li,,m   llir   :il)iil  incnl ,    llir   har   is   s.iJd 

!'  1)1    in  tension. 

Al  I!  liu-ic  imist  l.r  .•MTlc.J  an  »'(ni;il  ,,ii,|  nppnsiir 
I'""'  I"  I'  .IS  in.licaird  l.y  I),  and  at  ilu-  end  A  ih,-  ha,- 
'■^'■';'"  ■'  l»i"  ""  'li>-  ahulmrnl  as  show,,  |,v  (i.  ||  ,.|,',y 
s.Mlh.n  (  l„-  .,,nsi,|rrrd,  il  l(,lluus  ihal  'th.'  nialcria'l 
Ifi.ds  In  ,,,,.•  aparl;  ihal  is,  H,,.  Ion  t^s  ,.,iino  .,,  ,|„. 
siMlion    rniisl    I,,-    stirh    .is    ivi)r,scnlc(l   1,\     I-    .i„d    I-'. 

I"   l'"lli  lii.'sc  r.asi-s   iIk-  bars  arc  s.ai.l  lo  Ir-   sir.-ss.-d 
slr.ss    l„.|ni;    .,    rrsislanrr    to   ,  h,„,i^,.    ,,1     s|,apr,    and    nuist' 
'""    !"•   'oiilnsr.i    u.ih    Ilu-    UTin    sirain,    u  hi,  I,     ,vUts    i,, 
Ilu-  <h.iiit;c   in   dimension   (hie   lo  Mrcss. 

In  o.M.r.d,  If  at  anv  section  of  a  body  it  is  found 
that  the  resultant  of  the  forces  acting  at  the  secti..n 
acts  against  the  section,  the  body  is  said  to  be  in 
compression :  or.  if  this  resultant  is  found  to  be  acting 
ayvay  from  the  section,  the  body  is  in  tension 
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Fig.  22. 
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Fig.  2;*. 


The   Stress  in   Truss  Members. 


I  lie    lollouinu    r-.l.l.in    indirales    the    proicfhirc    in 
(I.-t.-nnininii   Mivss  Mu-   nirmiHTs  ,,1    a   liaincd   sirur- 

ti-.'.  Ihf  truss  :-  .,.  to  illustral.'  this  is  known  ,is  a 
'■■"." '''■^'■'■-  "'■■  P'"'  !'•  ■  '-liirh  IS  applied  in  hrido.- 
hiiildin^    thr    world    ov,  ,e   exampi,-    oj^en    is    n.ves- 

sarily  a  wry  simple  ease,  hut,  while  (iilVuiilties  ma- 
■irise  m  oilier  problems  relatint;  to  stress  in  truss 
memlurs,  ihev  ,ne  lound  to  he  due  I,,  l.iek  of  know  led-e 
•IS  lo  where  to  heiiin  the  problem  r.ather  lh.,n  to  .nn 
'ItMn-e  in  the  prin.ipl,.  inxobed.  I'xperiemv  in  xvorkin.'. 
problems  ,s  ihe  only  rem.'dv   lor  this  i;,s|-named  obsi.,,  1." 


I 
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(iraphical   Solution. 

I'll;.  J-i  I  cprcM-nl  ^  ,1  1  .ml  ilc\  c-i  sup]),  11  i  iii;^  ,1  In.iii 
III    MKi   poimds. 

(nii^idci  llu-  lories  ;i,  liiio  ,,1  ||„-  p,,inl  \  l>(  .  In 
order  lo  lis  n\u\  idr;is  on  llic  poini  in  i|uisiion,  ii  is 
:d\\;i\s  ;id\isjl)|,-  1,,  dr;i\\  ;i  si.iiji.il  di.ii;r.im  lor  ih.il 
point,    placini;    on    11    nil   iju-    know  n    d.ii.i. 

lii^.  -'5  is  llu'  sLiiii.il  di.ii;r.nn  lor  llic  poinl  \l<t  . 
I  he  lonrs  .nlini;  :il  lliis  pi>inl  :i\v  in  iiiuilil)!  iuni.  one 
lirini^  roinplilflv  known,  ihc  oilur  iwo,  \1?  .md  (  \, 
hiini;  onl\  p.nli:dly  known;  i.e.,  lluir  dirfclioiis  jn- 
known.  Such  forces  as  AB  and  CA  will  always  he 
referred  to  as  unknown  forces. 


I  ig.  24. 

I'"r<)m  ;iny  iniii:i!  point  U  (l-i^.  j,,)  dr,iw  ,1  line 
|);ir,illcl  to  nt.  in  lii;.  j^;  lo  represent  lli<>  direiiion  ol 
Ilie  lone  IH'.  Cut  oil  lU  .  in  I'ii.',.  ju,  lo  rejiresent  :, 
m:i^nitudi'  ol  100  pounds,  pknint;  the  si-nse  ni:nk  Ironi 
M    to   (-',    thus    lol.dly    representing   the    tori  e    l!C. 

l-'ioni  (■  (I'ii^.  jii)  diMw  :i  line  p:ir:illel  lo  (A  in 
I-itr.    -.S-     \<>\\.    sini  f   the    in:ii.4nitud.-   ol    the   lorre    (A    is 
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'  "■  l"-m.  \  ..„  this  „..„  |i„...  ,,,,|,.,t  (  \  ,„;,v  rrpiVMMU 
!,;;  '"'V  *  ^-  '"'"'•^••-■.  il  is  kn.nvn  -Ik,!  'ih,.  Innvs 
,  , ,•  *  ^-  •""'  ^''  ■"•<•  i"  '••luilihriiin,,  In.in  uhi.li  it 
'""""^  "••"  ■'  ""■  ^'•<l«"-  ix'lvoo,,  |„.  ,!,,.,„  „  ,,,,  ,,„.,,. 
l-'H.s  ,1  ,„i,s|  ,l,.s,..  S,,,  ,|„.„,  In,,,,  s,,„u.  p,,in,  in  ,|,,. 
l.i^i  lim-  ,l,;nvn  (,,.,„  C  ,,  ,|,i,,l  |i„..  must  lu-  ,h:n^  n 
I..,r.,ll..|  ,n  \i!  ,|.i,,.  ,-,,  „„,|,  ,,K,I  it  „il|  p.,ss  xhuniiih 
H  (lii^.  -•ni.  ,l„.,vl,y  ,|„si„o  ,1„.  v,rt,„-  pnh^nu.  This 
1^  1..-SI  ;M,,,n,pl,slu.,|  by  ,ln,ui„o  thn,u.i^l,'  R  ;,  li,,,. 
i;"''ll<'  t.-  .\I5  (l-io.  ,-),  i„,,,..,,,i„^  tlu-  nth..,-|i,„.  h,s, 
■''•'""•    ■"    ^-      •'    i-   '■^i'l'-'    l-<'m    llu-   p,-..xinus   <lis,„ssi,,„ 


^OO 


Fig.  23. 


Fig.  2(). 


I'>llu,tn  nnktmun  Innvs  (A  and  AIJ.  llui,-  s.-ns^s  iM-in- 
MM  h  .-IS  to  .,v,.  rnniiniious  sens.-  In.,,,  llu-  ini,i..,|  p,,i,u 
'"   "^■'  '"'■■''   P-'i"'    "I    <l„.   p,,|vfi„n    .MS    indiratrd. 

'■'■'.„,   Ih..   data    n>,    ll„.   slatir.il   di;,i;r.-,m    tla    tria,,-!.- 
I'C  A  ,s  a   >K>     ni^hl    anul,.,!   t,ia„i;l,..     1,    |nll.,us   th;,t    si.Trf 

lU'    npns.MUs    ,,„,   pnui,ds.    (A   and    AH   n|)ns,.nl 


lOO 


JOO 


and 


pminds,    r-cspcciivi'lv. 


"3 


I'l.irinj,.     tlu    s,.ns,.   „|    (A    and    AH   as    r„und    in    tl,.- 
M<I.H-   p..l^o,,„,    ,„,    ,1,..   sialir.il   diai^iai,,,    it    is   s,..,,    ,hai 


M'l'l  lilt     N  I  \  I  K  •,.  .- 

(  A  :ii  1-,   .it;,iins|    the   pniiil    ;m(l     \\\   ,i\\;i\    troin   the   point 
I  lie    iiu-mhcr    I'A    i-.,    ihciclorc,    iti    c  .im|)ri-.-h  m    .mil     \|{ 

loo  J(M) 

III  Iciisiu!)   lo  the  cMrnl   ol  [xhiikIs  .mil  poiiniU, 

rcspt  Tl  i\  rl\  .      (I'Oi     the    iiM'^iinini;    i>m    liii>~i()n    .iiul    i<im- 
prcssion    -^ci'  p;ij^f    54. ) 

liy.  .'7  i-.  the  st:!ti(.ii  (li;ii^i,im  Ini  tlu'  |)i)ini  \15l). 
Since  llif  mcinhcr  AM  is  in  u-nsion.  llu-ic  is  ,1  Unowi, 
lone  \l{  ;i(  liiii;  ,iu;i\  liom  the  poinl  AlU)  js  in(li(  .il»(l. 
I  lie  two  1(111  IS    I»i)  ;m(l    DA    ,iic  unknown. 


Pig.  27. 


Fig.  28. 


ktliTiini.;  to  lii.;.  jS,  .\I{  i(|)i  isc,,.  s  ilic  known 
foriv  .\H.  l-'inin  li  is  (li;i\\  n  :i  line  lo  it|)ns,nt  \hv 
(liri'clion  ol  tin-  unknown  ton v  Ul),  and  Iroin  A  .1  line 
is  drawn  lo  itprcsfnl  tlie  diiiition  ol  tlic  serond  un- 
known lorcf  l).\.  riicsc  two  liiu-s  inttiscct  at  I).  Ml) 
and  l).\  n']irfsi'nt  tin-  unknown  Ton  cs  \\\)  and  DA,  and 
lu'causc     tin-     liiant^le    AMI)    is   (■(|uilatti-al     (Iroin    datal, 

JOO 

Mi)   and    DA    nuisl     cacli     he  ((lual    to  AM;     i.r.,   ot 

(xninds  inat;niludc.  Ml)  acts  awa\  lioni  the  ])oint  AMD 
and  D.\  atiainsi  the  uoiiit.  The  nuinhcrs  MI)  and  1).\ 
arc,  thcrclorc,  in  tension  and  i  oinprcs-ion,  i  espcctix  elv. 
I  he  results  ol  the  prei fdini;  solution  arc  liixt'ii  in 
I'll;.  ji),  com|)rcssion  and  tension  ineinhcrs  i.cino 
shown    1)V    thickened    :,nd    liiiht    linc~.    respectix  elv. 
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/oo 


Analytical  Solution. 

Apply  llic  ;in;ilyti<;il  coiulilion-,  of  (■(|iiilil)riimi   lo  the 
points     \\\C    .-irul     \I5I). 
I'oinl     \I5C  :  — 

-V        Wm    ■    \h\        \  \v       o. 
—  loo    ■    \\\  sin  do     -   o       o. 


I{\ 


lliis  posiii\<'  rcsiili    shows   lli;ii    ilic   \n\   is  positive. 
15  \,    thcrctort',    .u  ts  ;i\\;iy   Irom   the   jjoint     \IK';   i.e.,    thf 

Joo 
mrmluT   MA    is   in   tension i)oiin(ls. 

-.\        .\rn  -    .\»\    ^    \ A(        o. 
o  —  MA  (OS  ()o     •    AC"    -  o. 

JOO         I 

.  —    •    AC       o. 


lOO 


.\C 
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.VI 


l-'idin    llif    |>(.vili\r    r.'^nli.    ilu'    \  \<     i>    p<«-iii\>-;    i>-. 
,\(      .Mt-    ;iL;.iiii^l     llu'    pciinl.       1  lie    m.inlin     At      i-.    llui.'- 

UH) 

liiif,    in   (  ompit^sicii  pniiiui-.. 

^  .? 
I'oinl     \l!l): 

i.\  \  \i!        N  HI"        ^'l>^        " 

\i;  ^iii  i.(.         ()        I ) A   ^'m  I'll         <'■ 

|)\       Ai; 

JOU 


^3 


J(.X3 

DA    i--   in   i<)m])if'-'>i<'ii  pnnnd-. 

i.\  \\l!         \iii>         \i'\         o. 

AH  cos  (H)  151)        DA  <<>s  no         o. 

Ml)  (AM  DA)    rns    IK)  . 


V3 

JCKJ 

HD    is    ill    U'usidii  -    |)i>un(l- 


In  llu-  hisi  iwo  i(|U.iti«)iis  ihf  i Ciisonini;  :is  lo  why 
tin-  ni.'MilxTs  :irf  in  loniiJifssion  ;in(l  tension  has  \nvn 
U-ll  oul.  I  he  sindint  is  a(h  is.d  lo  work  this  out  hiinst-lf 
from  llic  rcasoniiiii  in  the  tronuT  r(|uations  tor  tho 
point   AlU'. 

I'licsc  rcsiihs.  found  analv  tiralU  ,  cIum  k  those  lonnd 
oraphii  allv.  It  will  he  noticed  that  in  the  anal\tiral 
solution  the  use  ol  the  .•(piation  -M  was  not  neeessarx . 
Cases  will  arise,  however,  where  all  three  e(|ualions  have 
to  he  used,  and  only  experieiiei'  i  an  teach  which  e(|Ua- 
tion  should  he  lirst  used  to  the  i;reatesl  advantai;.-  in 
mltinm  (|ui>  k  results.  No  mistake  <  an  he  made  in  nsms; 
anv  om>  ot  the  equations  lirst,  hut  it  will  soon  he  seen 
thai    simultaneous    c((uations    may    olteii    he    avoided. 
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(II  \i'i  i:r  \  1. 


THJ:    I  I  NICri.AR    polygon     SHCONI)   (iHAPHI. 
CAI.  CONDITION   Ol     HQl'IIIHRIl  M. 


(iraphical  Location  of  the  Resultant  of  a  Set  of  I- 


orces. 


Il  li.i-  Im'im  .ilr<M(l\  shown  lli.ii  the  icsiill.int  <il  .1 
s(i  ol  ii.Ko  wliiih  ,1,1  .,1  ,1  point  ;ilso  ;iiis  al  ilic  s.-mu- 
I'"iiiil.  lliiis  ni.ikim^  111,,  prnhlrni  ol  loialiiii;  ih,.  icsiillant 
a  \.r\  simple  one  lor  ilial  parliriiiar  rase.  Tli,,-,.  arise, 
li"\\i\ei.  niimfroiis  (  ases  where  the  lories  roniprisiiio 
■'  ^'■'  '1"  ii"l  ■!'  I  •!'  ^1  |)<>int,  so  Ihal  the  previous  melhod 
"I  Ic"  iliiii^  Ihe  resiihanl  does  not  appl\.  Il  ihe  lines  ol 
•""""  "I  II"'  li'ives  romprisini;  Ihe  set  inlerserl  wilhiii 
n-asonalilr  liniils,  ihe  resuhanl  rniyhl  he  loeati'd  as 
Inljows:    - 


Fig.  30. 


riip 

ki. 

set. 

are 
si  it  11 
hr  1 1 
I.e. , 
lonil 
force 
the  t 
of   ar 


I-fl     I",    g,    S.    and     r    (l-io.     ,0)    ri-present    a    set    ol 

■II' 'I-   lones.     SuhstitiiH'  lor   I'   .and  (J   thrir   resultant 

In  I,    S,    and     I    .ire    tiirn   c-c|iii\  alrnl    to   tin-   orij^inal 

Kiplacc  R,   and  S  by  ihiir  nvsultant    Rj.     Kj  and  T 

.iNo   eqiiiv.ilent    to    the    orii;inal    set    ol    loivcs.     Suh- 

!'■  tor  Uj  ,ind   I    their  r.'sult.int  K;,.  which  must  then 

ic  cr|ui\alcnt  ol   the  oriijinal  tones  I',  O,  S,  and  T; 

ly;  is  Ihe  rc(|iiircd  resultant.      Ihus  hy'a   process  of 

)Mialion    and    elimination,    the    resiiltaiil    of   .1    set    of 

s   may   he   located.     When,   however,    some  or  .ill  of 

oi-ces  of   a   set    have   parallel   or   almost    p;.rallel  lines 

lion,    this    method   is   impractic.ilile. 
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1..1  I'.  (J,  .111(1  S  lliy.  .;il  l'<-  .in\  -«i  I'l  .i>i.l.ni.ir 
Icii.  .N  ,iM(l  '\IH  I)  llii-ii  \cilc.i  |Hil\-i.n,  ir<|iini(l  1.' 
1,„  ,,l,-    ihrir    n-sult.iiil,    wliiili    i^    rr|ir.-<iil.  tl    l>\      \l>- 


Fig,  31. 
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''"•^""    •""'    """    "    '"   ^'"    l>"i"ts    ^^l.i.h     l..,„H,K,...    ,|u. 

.1.   t       in.l   I).     ,1,    „„,h,   h.n..  Ik....,:,   linl..  .  I..., ,,  .   in 

"",'•■""■"'•"    '-'••    •■■   I--'   -i'l.    join    ()   ,,...,11   ,,„;.,•. 
;;      ""•    ^'■"";-     I-K^.m.;    Im„      .I,.-     ..,l„n,    ,,,„,,, j^ 

"■-•K.-n.-r.,l.n.l.,,p|i...   ,,.,,,..    x  .•.-..•  ,,..K  ,.,n   ..1  :,\.., 


<'l    p.ir.illil    lor,  cs.  I 

"•■l".-.|'"..y.li..K    «i.l,,i„.  :„,.„„„,„,    ,|„.„.  ;„,.,„„ 

I;,:',;:,;::! '"■ ■->: - ,.;:: 

(2)     The   resultant  of  two   forces  acts   tliroutfl,   the 
intersection  of  the  lines  of  action  of  the  tJ„ T.fces 

iM-l.-mnK    I..Mk    ,.,    |.i^.     ,,.     vo   ^„„,    ^,,5 

■'■ulOli  .-.t   ;iny  point   on   its  linr  ol   M.lion.     |.S.v(.l   I     \. 
i        ,  '--'«""<■•■  •lu.|„u.   ol    a.lion   ol    <)M    ,.,   in,..,..,, 

;.;t''"Tt*"''''"'"'''>  '^^^^''''''>^•-'-'•■--v 
'"•'>     "■  r..pl..-.-,    ;„   .ny  point  on  i,.  iin.  ol    :,.  ,ion 

r:;.i oc'''-n  ••  ^'^■""-'-  '■-  ...mpoiv.:: 

no  •:""   <>t-      Ihr   liTH-ol    :„-.ion   ol    MO  „  ill.   ol     -onrs,. 

"•'"',.'•  '''•'<'"'■''  "^^•l'"<'  "I  .irlion  of  (H-  ,o  inUT- 
-  .lu-  Im..  ..,..,. -non  o.  S  ..,,  W.  .„,,,,  XV,,,p,,,,;:s 
">    lis  Uvo  .•ompo.H.nls   rrpivM.nt,.,!   l,v  CO  ;,n<l   Ol) 

'  '.<•  '"'■«•.-  I',  y,  .md  S  h,.,v,.  iH.-n  a.pl.i.oci  l.vUieir 

sp-tiu.  .-omp.Hu.n.s,    so   ,ha,    in    pi,.,,,    of    tlu-  oriyin.il 

•  MMs     ilu-r..   .re-   n.nv   ;„-,inK     tlu-    lonvs    AO.    OM.  '  |U). 

H       CO     -MKi    OI).      „    iss...n.    how..v.r.    ,1...    ,)M    .nci 

HO    .,n.     ,vvo     lont-s  of     c-cju.-.l    m;.f,Miitu(K.,    ;..,iny     with 

-;i.p-.-..   s..n..s  „,    ,h.   s.nH.   liiu.  of  ...,ion.     Th..ir  Hlol . 

-    >l>-   .•c|u.l.i,ru„n    of  tin-    body    is.    tlu-roforo.    /.-ro      In 

IH-  vinu-  u.,y.  (,(•  ,nd  CO  .onnu-r:,,.,  on.  .nolluT.   iln.s 

'-'"«  .  (>  .ml  Ol),  so  ,1..,  ,,s  ,,,. ,,  ,,,„,, ,,,;.,.,  i., 

.on,.rMc,    AO   and   Ol)   are   equivalent   to  the    original 
forces.     Mn,    Ao    ,nd    0„  ....    .wo   ..mpon.n.s    of     U ) 
.>r    .-onvc-rsdy.    A.)    is    .lu-    resulLin,    of     ,h..    ,„„    Ion  ..s! 

(     .•mdOI):,.....fn.,n(.).  A()...ndOI)„K.vln.,vpl..,.d 

.       .lu-  i"'«-M.fon   o,    ,h,ir   linc-s   of  ......ion    „1h-   point    Z) 

">      \   ).       \l).    howrver.   is    th,-    rosult.mt    of    tlu-   oriyin;,! 


•■''•■!•>    !!     V,  ;is    rcCjiliiVii    I<>   io,;itf 
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The  l-unicular  IN)l>f(on. 

In  lit;.  ;i  llif  p(il\;4..n  \  N  \\  / ,  iMiinril  1)\  ll'.'  I'm.  > 
npnsriiliiiL;  llif  (liinlinii-  nl  lli.-  r.pl.i.  mi;  ,  Miiip.  >ii  nl - 
i-  i;lwil  Ihr  ll.im.'  Ml  .1  l-linicillur  INll\j{on.  I  hi.  (...U-i'ii 
imisi  licit  !»■  ciinliivcd  m  .iin  \\.i\  wiili  tin-  mi  l"i 
polxyiin,  nor  willi  llic  line,  di.iwn  Irom  ilir  pninl  ()  1.. 
ih,-  x.iliir  |)(.l\i;iPM.  I  hi-  hi-t  nunl  ii  m.il  |>oiiil  O  i- 
Knnwii  .1-  .1  ■•poll,"  wliiih,  liiiTlh.i  \\ilh  ihi-  \iilni 
<ri;iL;i.im  ;m«l  ihr  liiir-  h.  ( >,  icnii  .i   Polar  Diuffniiii. 

Tla-   Resultant   Couple. 

IhtTc  ,iri-c  m.iin  >  ,i>..--  ( il  -el-  "I  Idki-.  whri,-,  il 
thr  Ml  lor  p.iKunn  In-  iliMun.  it  i--  IdiiikI  1"  ilo-,,  .mil 
\cl  thr  1(111  cs  .ire  mil  in  ciiiiihlii  iiim.  Im  in--l.inir,  il  m 
ii:;.  ;.'  llic  \(rl(ir  ni>lvi;iin  \(  1>  lie  dr.iun  Im  th:-  ■-«  ' 
d'  Inn  IS  I',  (J,  ;in(l  .^  ;is  rrpn-tnltd,  il  i-  Imind  l<>  i  In-r. 
lilil  it  is  cxicKiit  th.it  SIM  li  a  s.t  nt  l.in.s  wmild  piixhn  >■ 
a  iiitatiiiii  nl  llif  hn(l\  :  th.il  is,  thci.'  is  iini  ;(|iiilil)riimi, 
:iIiI)iiiil;Ii     tin-    ii-siill.mt     Innc    is    /.in 

It  will  thus  he  seen  lliat  r.iscs  m.i\  .nisi-  when  a 
sit  nt  Iniifsarls  ii|)nn  a  l)n<l>  ,  sin  h  that,  ailhniii;!!  wh.it 
\M-  term  till-  resultant  force  \.mishts,  llun-  is  Ml  .1 
innlinn  nt  tnlalinn  ahnill  sonic  pnint  in  th,-  hnih  ;  ami 
\M  speak  ol  till-  loiifs  as  f(|ui\  alcnl  llun  to  a  resultant 
couple. 

Di.iw  till-  luniiiiliir  pnlv^on  tor  1",  <J.  and  S,  ami 
it  will  in-  loimd  that  tlic  lirsi  and  last  lonipomnis  d  i 
not  inlcrscrt  one  .inotlicr,  il  llicii  dimtiniis  arc  prn- 
diiird.    i)iH    that    tlu'V    Ikim'    par.illi-l    lines    nl    ailinii. 

Sinre  llu-sf  tiisi  and  last  mmpoiunls  arc  ol  ciinal 
inai^niludc  and  art  in  llic  nppnsilc  sense,  ilu\  tniin  a 
cniiple,  whieli  is  called  the  Resultaut  Couple. 

Second    (Irapliical   Condition   of  Equilibrium. 

It  in  the  l.ist  prnpnsitinn  .ind  in  the  niic  preredini; 
it,  the  lines  nl  action  ol  the  lirst  and  List  components 
had  Ici-n  cniiKideiil,  llu'sc  Iwn  com|)niv.nl  s  would  thci 
((luntcract  one  another,  so  that  the  cllecl  nl  all  th,- 
icpl.icini;  comixinents  would  h.-  /em,  or,  in  nilur  woids, 
the  original    lorces   would   lie   in  e(|uililiriani. 


Three    lone-     lu     he     in     riiuihhrumi      niii-;     .e  i     .c     .i 


pnlli 


^I'l'l  IM>      SIMMs, 


S",    I 


nil.  .IS  .1  M-,  (.11.1  ui.i|>lii' .il  x.nilili.Mi  nl  ,<|iiili. 
'>rmm,  the  firs,  and  last  tompon»;nts  ..f  the  funicular 
H>«"n  must  liau-  their  lines  of  action  coincident. 


rig.  n. 


xi'i'i  nil    >  I  V I  I' 
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I  hi-     I-     .ailll     lUi.lr     .1.11.   i-il\      -t.llr.'     Ii\      -.IVll.:,      ill   'I 

the  funicular  p«»l\j{on  must  close.  Ur.  pniL;  m  nim-l  w  li.it 

is    mr.ml     li\     1  111      \\  mil    "i  lii-c. 


(iraphicul   and    Anahtical    Dclcriiiiiiation    »(    the 
Uvsnitant. 


(  n.iplii'    il- 
\  II  Iiii     I'liK  i;iiii     ui\  I-     llii 
iii.ii^iiil  inlr,  (liii'i  liiin. 

,111(1       -cii-r      ill       till'       II- 
-lill.ml. 


\ii.il\  li.  .il. 

::N         N  K. 

t;il>    " 


I-  iinii  iil.ir  i'lilv  L'liii  liii  ,ili- 
ihc  lini'  111  :ii  lii'H  "I  il"' 
ri'siiJliiiil. 


1\|         \In 


Conditions  of    Hquilihriuni. 


( ii:iphir,ll. 
\  t  Tlur     l'iil\i;i>ii     miisl 

rjiisc. 
l-iinii  ul.ii     i'l.lvi^oit    must 

riosc. 


An.iK  li.  .1 
i-\        ... 
^\         o, 
:i.M        ... 


t 
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(  ii\I'ii;k  \  II. 

THH    MHTHOI)    OP    SKCTIONS. 

It  is  olli-ii  lU'ccss.iiy  lo  liiul  ihc  stress  in  out'  or 
mnrc  MU'iiihcrs  ol  ;i  truss,  irrcspii  li\  c  nl  ilir  siriss  in 
nlluT  mcinluTs.  Ti)  ohxiati-  the  Iidioiis  operation  ol 
workint;  IriMii  point  to  point  till  the  stress  in  lite  rer|uire(l 
niemher  is  linaily  reached,  what  is  knovMi  as  the  Method 
of  Sections  is  used,  w  herel)\  the  stress,  sa\  ,  in  j'.h 
('■'t;-  .vi'  "1^".^  '"'  arrived  at  iiiiiiiedi.iteK  from  a  con- 
sideration of  the  forces  acting  on  the  truss. 

Imai;ine  the  truss  represented  in    l-'iij.    ;;  as  i  ut   into 


/OO 


lOO 


lOO 


3SO 


3SO 


two  sei  tions  .it  V.W .  Consider  the  |)ortion  ol  tlii'  truss 
to  the  U'll  ol  V.W.  This  eonsiderint;  the  portion  to  the 
left  is  purely  arhitrary.  The  same  results  would  eventu- 
ally l)e  reached  hy  considering  the  ritjht-hand  section, 
l)Ul  in  order  to  .avoid  conlusion,  the  convention  ol  ( on- 
siderin^    llu'   lel'-h.ind  portion   is   .agreed   u|)on. 

This  portion  ol  the  truss  to  the  left  ol  ZW  is  held 
in  ec|uilil)riuni  hy  certain  forces  acting  on  it.  There  is 
no  ditliciilty  in  seeing  thai  the  left-hand  ahutmeiit 
reaction  .\K,  and  the  lour  loads  .\M,  lU',  KL,  and  l.(i, 
act  on  the  hody  to  left  of  V.W  .  But  that  these  forces 
alone  could  not  preserve  equilihrium  is  easilv  seen. 
Ihere  must,  then,  he  otln-r  forces  aiiiiii;  on  the  hodv, 
and  the  oiilv  possihli'  places  where  forces  i  iudd  ;i'  I  is 
where  the  portions  of  the  memhers  t'l'".,  Ml'",  ,uul  I'll,  to 
th«'   rij^ht    of    ZW.    toui  h    the  jiortions    to   the    left. 

.\s  far  as  the  forces  actint;  on  the  hinlv  are  ( on- 
cerned,    it    does     not     matter    vvhetlu-r    the     ImuIv   Im'   ion- 
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M<lci((l  ;is  .1  truss  lorm  or  as  a  snlid  \uh\\  havini;  I  In- 
l)Miiii(lary  oiilliiu'  nl  ihr  truss.  It  is  i;fiu'rall\  less  (on- 
tiisiiii;.  howi-M'r,  to  choose-  llif  lallcr  mclhixl.  Ix.  an-;' 
it  sfcms  to  loiKciitralc  altciition  on  the  cM  raiU'ous 
1 1  )rci*s. 


/OO 


lao 


J50 


too 


-  -  lO- 

Fig.  M. 


lOO 


\\\i.  ,^4  rt-prcsi-nis  llu-  lont's  .iciin^  upon  the  jinr- 
lion  ol  tin-  truss  to  the  M\  of  Z\\  ,  .■oiisidcrt'd  as  a  solid 
rii^id  liody.  I  licsf  lorci's  an-  in  fCjuilihriuni,  and,  sinrc 
tluMV  ail'  only  tiiri'i'  unknown  lonos,  ("l-;,  l-:i-',  and  l-'d, 
II  IS  possible  to  sol\f  lor  tlu-m  by  im-.ins  ol  tlu'  thn-f 
analytic.il     cc|Lialions     of     ccjuilibriuni.     i.\      o       ^^■     ,, 


-^■  ^'\K     .     Nki,     t-     \\X.     -     \\.\ 

■       ^■|    I        ■       \H        .       \iH     -r-     \\\\  O. 


.■>.-i^ 


I  OO  I  oo    -    o. 


-    !•  I',  sin  iio         o —  too —  i;x)  -    o. 
.vS«  —  400  -  hi-; ^  o. 


fp: 


^3 


Kroni   till'   positive   sii;n  of  the   rcsiili,    tin-   \\Y  must 
br  positiw. 


'I'hf     nn'mluT     II-:     is,     tlu-rc-loii-.    in     tension 
pf)imds. 
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>l 


1  ;ilsf  ninnu'iits  :il)t>ul   llu-  inlfi>.i'rti(m  nl   CI!  .md   l!l- 
.il  tlif  jioiiit   (). 

^M        M\K        Mki         Mm.        M..i 

-    Ml  1         Mm     ■    Ml  H        Mu\       ... 

^50.  J^       -      KK).  I  j^  l<K).5  <  1  !•  .  5     Vj 

•      0      •      01  IX).  10  IIH).  Jl)  (  I. 

550. .'5       -     1(H)     (15      ■      5      ■  10  2tt] 

■  (  i  I'.^    V    ',  O. 


CI- 


Iioin  the  iU!.^:ili\»'  sit;n  nl  tlic  icsuli  ilu'  innmciu  ol 
(il''  ;il)()Ut  ()  iiiiisl  1k'  iii't;;ili\f.  (il'',  ihi'i'i'lorc,  ;irls  a\v;i\ 
from  llu'  st'i  tioii  ; 

75" 
i.<'.,  tj'c  miTiihcr  (il''  i-^  in  Unsjnn  poiiiuK. 

:i\  \\K  \ki  \m,  \..1 

\ll      ■      \K(       •      \l  U     ■      \H\  (). 

O     •     O     •      O     ■      (  il'      •      I'  I'..    «'<)S    (M> 

•     CI''.      •<)■()  O. 

750                I  DO       I 
_:__     .      .^        .     C    K  O. 

*  .?  *  .1       - 

CI-:     

^  5 . 


i'Voni  llu'  m'ti,ili\t'  >it;ii  ol  tlii^  rrsnli,  iju'   \(  1    imi-t 
hi'   nt'ij;ili\t'.     t'l'\   tluTi'lotf,    arts   :ii;:iiiist    llu'    seel  ion  ; 

Scx) 
i.e.,   lIu'  nu'mhrr  ('!''.   is   in  roniiircssion    pounds. 

Tlu'  siudcnt  is  advised  lo  rhoosf  oilier  sectit)ns  in 
liu'  same  truss  and  work  mil  llu-  stresses  in  tlu'  various 
nu'tnlK'rs  1)\'  tiiis  nu-ans. 


MTt.irD    St  \  lies 


AlMM.ll  I)     MMKs. 
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iii\i'Ti:u  \  111. 

THK    BKAM. 

In  llic  lolliiw  iiii;  (lis(■u-^sinn,  llic  ciisc  dI  ;i  hc.im 
sii])pi)it«"(l  Ircclv  on  Iwo  ahulnuiils,  om-  ;il  «';i(  li  «'\- 
Ircmilv  ol  tlu'  htMiii,  will  hi'  lonsidtTfd.  This  l\|)c  nl 
lu'.iin  is  llic  Diif  most  roniiiionh  iiuM  with  in  I'ni^ini'crini; 
priuticf,  :iMh()iit;li  cmm-s  do  ;niM'  in  wiiich  ;i  hc;Hii  slrnc- 
tiiri-  is  siipporlfd  iij)()n  niorr  lliiin  oiii-  ahuinn'nt,  or  in 
wliit'h  the  iihiilnii'nl  siip])orls  ;iri-  not  li<'«',  ;is  in  ilu-  t  ast- 
ol  ;i  hfaiii  lia\in}4  its  i-xtifniitics  Imilt  into  thf  supporlini; 
walls.  It  is  siilliticnl  to  point  out  that  these  last  eases 
cannot  he  investigated  hy  the  theory  in  ihesi'  pai;es 
alone,  hut  neiessitate  a  l<nowle<lj;e  i>l  the  laws  ol  the 
resistance  ol    materials  and  ol    th»'  calculus. 


Fig.  35. 

I-«'t  I'if^.  ^5  ri'present  a  he:mi  supported  freely  on 
two  ahulnients  and  carryinv;  any  two  loads.  W  i  and  W'j. 
The  lelt-h.ind  .ihiitnient  n-action  nia\  l)e  rei)resented  in 
magnitude  hy  A,  whose  numerical  \alue  will  dejiend 
(•ntirelx  upon  the  distances  ol  W  I  and  W'j  Ironi  the 
ahutmenl.  Treat  the  portion  ol  the  heam  to  the  U-lt 
ol  the  ])lane  •'H  hy  the  Metilod  ol  Sections.  The  only 
known  lorces  aclint;  on  this  portion  to  the  lelt  ol  "ti  are 
the  reaction  A  and  the  load  W'l.  These  forces  cannot 
l)v  themseKes  maintain  e(|uilihrium.  It  is  evident,  there- 
fore,   that    some  other   unknown    force  or   lorces   must    act 
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upon  ih,.  purlion  ol  ilio  Ih-.iiii  Ix-inf,-  considcrfd.  I'lic  only 
possiMf  p|.„  ,•  xvluTf  siK-h  .1  lurrt-  or  lorn-s  could  ;i.t  is 
•  M  llu-  stTiion  aH  in  ilu-  1h-;uti.  Let  Fij;.  ,«  ivprcsmt  the 
rondilion  ol  .-.n.-iirs  as  l;,r  ;,s  tin-  forces  :,.tin^'  upon  llu- 
IxKh  K.  the  Ult  ol  a3  .-.rt-  conriTni-d.  'riu-s-  lories  ;,re 
in  cciuilihrium  :  llurtlori-,  :iX,  ::i^•.  :,nd  ii.M  must  en.h 
t'f|ii;il  /(TO. 

"^         '^  ^    •    ^"'    •     O's  of  unknown   forces)  -=  o. 
.\        W  I    ^    (\".s  of  unknown  forces)  ^  o. 

Ki-pl;i.inj4:   the    N's  of  the   unknown     forces   In    iheir 
resull.int,   which   ni;iy   Ik-  denoted  bv  \' 

A— Wi   +  \-  -  o. 

V  -  —  (A-Wi). 

I-"n.m  which   it   is  seen  ll,;.t   V  is  equ;,!  in  magnitude 
I'ul    a.ls    ,n    the    opp,»sile    sense    to   the    .-dgehn.ic    sum  ..f 


Fig.  36. 

Ilu-  xerticai  resolved  parts  of  the  exterior  forces  to  the 
lelt     ol     afl;      j  J.         \-      ri-sisiv       \  W,         -|-|  • 

:     '■'••     ^      risisis    .\  — \\r.       Ihis     (|uantitv 

(.\  — \\,)  ,s  called  the  Vertical  Shearing  Force  .n  the 
section  under  consideration. 

Definition  : — 

Ihe  Wrtical  .Shearing  l-orce  at  anv  section  is  enual 
to  the  algebraic  sum  of  the  \ertiial  resolved  parts  of  the 
exterior  lorces  acting  on  the  bodv  to  the  left  of  the 
section    being  considered. 

This  is  a  general  definition,  but  since  the  loads  and 
abutment    reactions    in    most    c:.ses,    and   certainlv    in    all 


\I'I'I.I1I>      s  I   \1  |(    •,. 


sa 


(■;ist'>     lli;it    will     l)c    t;ikrn    ii|)    luTc,    ail      in    llic     \rrlii.il 
(liriMlii)ii,  a    inorr  ioikIm'   (U'linition    ina\    lie   cmpiovcd. 

The  Vertical  Shearing  Force  for  Vertical  Loading 
and  Ahutment  Reactions  is  equal  to  the  algebraic  sum 
of  all  exterior  forces  to  the  left  of  the  section  being 
considered. 

Applvini;    -\    !<►    tin-    Ion  cs     ai  lint;    as    indie  .lid    in 

-\         \\    •     Xw,     •    (X''>   1)1    iiiiknnun    tones)        o. 

o   -    o    •    |\'s  <;!    unknown   loncsl        o. 

(W   ol    iMiknow  n    Inn  cs)        o. 

Now,    lluTr     ail-    Iwo    wa\s   in    wiiiili     llu-     ali;«-!)iaii 
sum   ol    llu'    X'n  ol    lli«'   unknown    lont's   iiias    hi-  »-C|uai    to 
ziTo.      1-atluT    all    tlif    \'s  arc   f()ual    lo  /cro,    or   llic    sutn 
ol   tlu-  posilivi-    X's  is  f(|ual   in   nia^niludc  lo  ilic   sum  ol 
tlu-  negalixi-    X's. 


/< 


Fig.  37. 


In  ordiT  to  (U'ti-rminc  which  ol  these  two  cases  is 
the  trui'  one,  consider  the  forces  ailint;  on  the  portion 
ol  the  hodv  to  the  left  of  oS  as  ihev  ha\e  lu^'n  deduced 
so  far.  Let  W  i  <  .\  ;  then  \'  must  ad  downward,  lor 
\'  has  iK-en  shown  to  act  contrary  to  (A  —  W'l),  which 
in  this  case  will  he  a  positive  (|uantit\  ;  i.e.,  \'  aits  with 
neijative   sense. 

'■'K-  .^7  represents  the  forces  A,  W  i ,  and  \'  actini; 
on  tlie  hod\ .  It  is  seen  liial  these  forces  hy  thciuseKe.s 
•annot  ^\\v  ecjuilihrium ;  therelore,  some  other  lorces 
must  act   on   the  hodv.     it    is  evident,   then,   that    the   X's 
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of   llu-    unknown   l<)r^l■^ 
tl) 


•  Tr   not    .-ill  ,.,,i,.il   to   /..ro.    Inr   il 

I 


'«•>    ^^-...   th..  only  otlu-r  lonv   whi.h  .oul.l  .xis,'  JJi 
.•   ..    ^.•^t.....W    lone.     Hnt    .11    tlu-    v.r,i.....|    ,,„,,,    '  | 

-    r..pr..s..nt..,|   ,n  tl...  ,li,„.r.m.     TIk-  positive  X 'l^  ,Z. 

^ii !  V  ;;; '7-''"' y''-  '^^■p'- ••- p-i-ive ;;.«; 


;ir 

tl 

n<-; 

■J1 

FiK. 


riir   condition   of   ;,(|;iir.s  must   In 


.IS   rrproscnti'd   in 


A- 


JC 


I 

>, 

I 
I 
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Fig.  38. 

^M   L  'T  .'    '"'"'   ■■'•''""''''■   "'     '"••'«"i'ud..  C-..-..     Appiv 

-Al    to   ihi-    lor.es    .i.liniT    on    ih,.    |,ndv        r.L. 

•■''">nt  tin.  point   I'.  ""hIxkU.      i..kc     moments 


-M  =    Ma  ^  Mu, 


Mv  -  AFi    ^  M-i 

I^ul   Mv  :ind   Mr  _  ^ 
IlK-ri'lorc.   .Mr  =  _(M,  ^   m„   , 


—  o. 
o. 


Milt     M, 
•i'hI  C;    th.it 


;   C-..-.  ^  moment    of    rouple     formed    hv    T 
<>l   °fl  about  ;,  pomt  in  the  section 


I)     s  I  \  I  It  s. 
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nt'liiiition  :  — 

The  Bending  Moment  at  any  section  for  vertical 
loadinf{  and  abutment  reactions  is  equal  in  magnitude 
to  the  algebraic  sum  of  the  moments  of  the  exterior 
forces  to  the  left  of  the  section,  about  a  point  in  the 
section. 


If 


5« 
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(11  \n  i;k  i\. 

VK«TICAI.     SHHARINU     FORCK    AND     BHNDINU 

MOMHNT    FOR    STATIONARY    LOADS 

ON    A    BKAM. 

'I'iu'  sliuU'iil  is  |):irtii'iihi>'lv  advist-il  lo  iiu-mnii/i'  ihi- 
lU'tinilioiix  t>r  the  Vrrtit  ,il  SluMiiii^  I-dkc  (V.S.I.i  .md 
llu-  lU'iulint;  Monu'iil  (K.M.I  .it  :iii>  sn  tii.n  in  .1  In  im 
,iK  jii\rii  ill  llu'  hist  (JKipli-i. 

In  cNphin^itioii  nl  the  iiUMnin^  nl  llusc  itiin-, 
\'..S.|-".  ;in(l  H..M.,  il  in;i\  he  ixiinlcd  mil  lli;il  in  .1  ln-.nn 
under  :i  load  liuTc  is  ;i  Icndcm  y  lo  hciid  ;  ;ind  1)im  .hisi- 
the  dftlfction  dm-  to  lu^ndin^  is  dilliTiiit  .il  x.nimis 
sections,  it  is  |-(':ison:il)l('  to  supixisc  lh;ii  llu-  lundini; 
intluiMii  f  is  \:iri;d)ir  ior  dillcrint  srclions  <il  the  In-.iMi, 
wliitii   riMsonin^   is   borne  out    l)\    tin-   tlieor\        llu-    15.  M. 


Fig.  39. 

is  rehited  to  this  hendinji  inlluem  t  .  Setundls,  :iny 
portion  of  :i  beam  has  a  tendency  to  slip  i)ast,  or  shear 
past,  the  other  portion  ol  the  Ik.',iiu.  !-"or  instaiuc,  in 
I'ifi.  39  the  portion  .V  has  shearec'  past  H.  \\  hetlur  any 
jjiven  portion  of  a  beam  .ictiially  dins  siiear  or  not  is 
aside  from  the  question  that  there  exists  such  a  tendency. 
the  \'.S.I-".  is  related  to  this  tendency,  which  is  \ari.ible 
for  different   sections. 

To  Trace  the   Variation  in   V.S.F.   Due  to  a   Single 
Concentrated  Load. 


In  l-'it;.  40,  consider  any  section  iM-twt-en  the  load  \V 
and  the  left-hand  abutment.  The  N'.S.l-'.  at  any  sucii 
Section  alfjebraic  sum  of  exterior  tones  to  lelt  ot 
section. 
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Fig.  -to. 


IH 


"•••   <'-,In    lunv    to   ,lu.    |..|t    „|    M,.h  ;.  s,M-.i„n    is    Hu- 
I— K 
;il)iitinfnl    rm,  lion    .\        — .W. 

I 
TluiHo,,..    \-.S.|-.    lor   all    sc-.  ti.,ns    luMuc-c-n    W   and 

■  I   posiiJNc  conslani   \aliif. 
tonsid,.,    any  si-cti.m  to  the  ri^jht  of  W 

..,  .i'n'isi^^^'^v):"" "  "^  ""^^ '"  '^•^'  "^  '•">  -'•■'^ 

Tln-rHorr     X.S.I.-.    for  all   sections  t<.  ri«hi   of  W  ^ 
(■\  —  \N  ),   :ind  since-  W  >  .\— 

\  .S.i-\   =  a  negative  constant  value. 

Ui    ()\    hv   drawn  parallel    to  the   lonj^itudinal   axis 
<>i   I  lie   neam. 

'-«■!   y        \-.S.|-.    at    any   section   of  the  In-am. 
Slant         \       ''"'''""'   "*  "''■  ''■^'  '"'    ^^''  >■  "   I"^^'"^'-  •■""- 

l"'T  all  se.tions  to  the  rii;ht  of  W.  v  neuativ,. 
'onsiant        (A  —  W).  ■  »^K''"^« 

l'l..ttinj,.  these  ordinales  with  OX  as  a  l.ase  line,  and 
P'"'""«  them  so  that  the  value  of  the  shear  at  anv 
Mvtion    lies    directly    under   that    section,    the   curves  will 

I 


;;:;;V"',; ;'•« -I  «T.  ,„.,;;;;:-,;  ,i,::  ;;:;,: 

i<>  U.\.     I  he  shear  .-.t   a   section   immediatelv   underneatl 
\\    IS   .ndelernunate.  and  may  be  represented   as  su.h   l,v 

V.b.h.    Diagram.     II   ,t   is  desired  to   (ind   the   \-  S  K      ,. 

•till-      L. >..«•....  ..      I.  i»-.  ..         .  _  •»     .       (II. 


is  iu<  cssary   is  lo  |jr,,- 


MTI   III)      ^  1   \  I  K   ■>. 


I>l 


(liitf    lU'    li>  'ml.TM.  I    <)\    .111(1   llir  l<M  UN   SI     .It    I)   mil    I 
ns|U<  li\rl\.       I  hi     KKJin.iti-    1)1-:    ii-piiMUls   tin     \     S   I   .    ,.1 
M'l  linn   lU". 

To  Tract'  the   Variation  in   V.S.I  .   Due  to  an>    Number 
of   Concentrated   loads. 

Ill  llii-.  1  ,IM-  .111  .tilil.il  iuimriii.il  rx.mipli-  \v  ill  ^ii  \  • 
llu-  ixiiposc  .IS  will  .!>,  il  1)1)1  lul'ir  til. 11),  mill-  i^iiui.il 
\  ;iliu's. 

t'ullsidci  the  r;isc  nl  .1  luMill  y  l«'''  1""^;  -niipi  .i  I  m- 
four  iiiiii  rnlr.il»-il  lii.i<l>  nl  iii.ii;niliiiU-.  uk',  -'<hi,  ;ii.  mil 
icKi  piuiiKls,  xiiiKilfd  ill  (lisi.iiii  i-s  K',  Ji'.  -'.^.  iii'l  ,;•'  I''  '. 
ifspcrli\cl\  .  Iruiii  ll)r  Ith-li.inil  .iluil  mini .  I\ri|iiiiril  In 
(haw    llu-   \.S.I-'.    (ii.iijiani. 


Fig.  -II. 


In    I'iji.   41    tile  Itlt-liaiul  ahiiliiitnl   rcarlinii 
A        4  5.  UK)    •    ;,  5-'oj    .     '....so    •    J.s.i.K). 
-    2h^    poiiiuls. 
I.«'l    y  -    V.S.h".    al    aiiv    m'i  linn. 
Httwt'cn   A   and   lirsi    load.   >         A        jn^. 
lU'lucfii    tirsl    and    second   lo.id,    >         JM5  —    100        id^. 
UcU\fi-n    sirond   and    third   load, 

V  Jl)^  KK)  J(X)  —    ^5. 

Hctwfi-n    third    and   Iniirth    load, 

\-        j()-  —  lot)  —  -'oo   -   50        —  J^.S- 
l?ot\\»-i-n   Iniirth    Inad    and   rii,dit-hand    ahiilmciit, 

V  Jt)s  100 JOO  sO ICX-J  —    i^^.s- 


\I'I>I.I1I)     MM  Us, 


I'InMin.;       Il„-s,.      nr,lin;,li..    will,     ()\     ;,s     l,..,s,.    lin.-      ;, 

\>.l'.  (h.itir.in,  ,,|  iIh-  lortn  IK,  DK,  |.( ;  i|K  I  \  is 
••'"^"n,.,l.  su.  I,  ,h.„  ,1,..  „r<lin.„c.  to  ,h,.  d\-,^nuu  imm.- 
'''=;"•'>  '••••"•■"I'  .mv  Mvlin,,  ol  tin.  h...,n  r..,„vsrnls  tin- 
valu.'   ..I    ilu-    \-.S.|-.    ...t    thai    Mvlion. 

Ii    ^^ill    !..■    noii..<l    ih;,t    the    change    in    value    of 
shearing  force  trn.n  .-,   m.  ti„n   immrdiatHv  t.,  ,lu-  U-lt   „r 

equal  to  the  magnitude  (»f  the  load  itself.    I„,   \n.v>ur,- 
M.    111.    I.S,    nmn.ri.;.!    .  ;,m..    ilu-   ,  Ikm,.c-s    ,v,m>..,m-d    hv 
'>.    I-.I'.    (.11.    and    KI.  an.   .-a.  h  r,,nal    in    maynilu.K-    to 
IlK-   loads   inunt-dialfly   al)(.\c  ihcsi-  Miu^s. 


Itll 


Representation  of   Bending  Moment  at  any   Section  of 
a    Beam. 

I.'l   I'O  (l-'ii;.   4'1  I'f  Ilu-  s,..ii,,n,   the   M.M.   al   uhi.l, 
H    •-   r.c,u.,vd    t„  ,v,m.s..nt.     j'O   pnulu.rd    in.rrs.vts    tlu- 
\  .>>.l'.    (Ii.ii;i-an)    in    KS. 
^^^^^^^'■^■'    I'O  !..•   thrrr   l.-.l    lu  ||„.  riKlU    ..I    tl,,.    ..„„-po„n(l 

IV..(Im.v    IK-  and   DK   i,,   ini,.|s.vi    |'()   at    T   and   \V 

liui    A    X  J,  oi;   ;,   ivr        .„.,.,,   oT. 

'""   X    1.?  (I)   X  (   T        ...fa    Dj-. 

-"<>  X       ,  lij.    X    i;W        ..,rra     I- W. 

""'■■'•I..,v,     M.M.  a.va()T  — arua  DT  _;„-,,,  lav" 

-  iiria  OIUDI-l—ar.M  jl'SK. 

=  Jiri-.i   of    \-.S.I--.    diagram    to  IrJt 
of   I'y. 

Il  nuisi,  „|  rnur-s,.,  Ik-  rfnu-mlH-ivd  ll,.,i  areas  ;,l„nt. 
".\  an-  .  onsKlnvd  posilix,.  and  ihos,.  lu-lou  OX  nrt.-,- 
I|^v.'-     K.vpn,..     this     last     s,ai,.nuM,t    in    n,in,l.    i,    is    stvn 

The  area  of  the  V.S.F.  diagram  to  the  left  of  anv 
secti«.n  represents  the   B.M.  at  that  section. 

'Ih'   M.M.    at   any   s.-nion  is  alwavs  positixv.   f,„-  ,1,.. 

posmu-   .an.a    ..r  tlu-    \-..S.F.    .lia^ram' ,..  th.    IH,    ol    anv 
M-  ...n    .s.    w„h   on.  ,.x.v,„ion.   always   ^r.ator   than    th.- 

H«a.K.'  ar..a  to  .In-  iHt  ol  tin-  sanu-  s.T.i,.n.  !,  mav 
''-  pnnvn  i,.o„u.tri..allv  that  th.  .^..i,;,,  ,nd  nryaliv;. 
j'.-.s  ">"'-  IHI  ol  the-  ri^ht-han,!  ..I.t.tnu.nt  arc-  .mud  • 
'"■'7--  ""•  H-M.  .-..  -his  aln.tnu-nt  is  ..-ro.  Tin-  MM 
■»  Ilu-  iHt-haml  ..hiMrm-nt  is  als„  ..-rn,  sin.v  tlu-re  is'no 
•-■•'•">f  'l„-\.S.|..   dia.^ram  .„  ilu-  IHt   ol   ,hal   s.-.-.ion 


M'l'i  II  n    •»  I  \  1 1( 


'M 


Suction  at   which   Maximum    B.M.   Occurs  for  a   Single 

Load. 

AUDI-  (l-ii^.  4J)  i^  till'  \'.S.l'.  (li,iL:r;iin  Im  tin- 
ln:i(l  W  ('(iii^idir  iiiims  ;ih()\r  Ol;  |)iisili\f.  lulow  Ol'. 
iU'i;;ili\c. 

riu-  U.M.  .It  .my  MTtion  \1'  li>  ilu'  Ull  nl  the  load 
i>  ifiMTscnlcd  1)>   llu'  ;iif:i    \\l*(). 

Tin-  M.M.  ;:t  :iii\  -.tilioii  <il.,  lo  llu-  rii^lil  dI  ihf 
1(1.1(1,    is   r(i)i(-.(nli(l   h\    llic   ;ii(;(     \IU()        I  (il.l). 

Kolli  ot  tlicsc  ;irf;is  .ire  l(->->  lluin  ihc  p()sili\c  .ma 
AlUO.  riicnioic.  iIk-  ;irc.i  AlU'O  musi  n-picsciit  ilu; 
i;-(MUM    U.M. 

Mill  AIU'l)  nprisciits  ilu'  1>.M.  .it  ;i  s,riinn  in- 
linilcK  close  to  lU',  l)ul  still  to  the  Icit  ot  tin-  load. 
J'-.ii  til  ally,   this   is   till'   section    MC.     it    lollows   ili.il: 

The  Maximum  H.M.  for  a  sinfjie  load  in  a  {<ivt:n 
position  occurs  at  a  section  directly  under  the  load. 


Fig.  -12. 

Uniformly    Distributed  Load. 

A  unilormlx  distributed  load  is  one  sm  li  thai,  no 
mattiT  how  small  a  i)ortion  ol  the  area  loaded  is  con- 
sidered,   the   load   imt   unit   area   is  alwavs   the   same. 

.Since  the  dis(  iission  is  (onlined  to  id-planar  lorces. 
a  iinilormK  distrihiited  load  in  the  follow  ini;  prohleiiis 
will   mean  a   load  ol    s(»  miK  h   per  unit  length. 


^ 


•»4 


M'I'l.rKI)     MAIKS. 


rni 


II  ni;.y  l„.  pointed  out  ili;,t  in  pr.u  ti.c  tin-  H-..,. 
•iM.lornily  disiril.utrd  l„;,d-  is  vi-rv  olu-n  :sppli,.d  to  ■. 
num  HT  ol  .■on.ontr..l..d  lo.uls  pl.-i.-.-d  v^rv  .los.-  to  one 
■■'"-"^'■•-  I- or  .nst.-.me.  .-.  .rowd  of  people  st.-.ndini^  on 
•  i  n.,or  IS  lelerred  to  as  ;,  unitormlv  distributed  lo;,,!  of 
^»  nnirh  ,x-r  sc|u;.re  loot,  when  in  re;ditv  the  load  is 
.".Id.-  up  ol  a  luinilHT  ol  concentrated  loads  placed  verv 
'lose  to  one  another.  Ilowexer.  the  assumption  yives 
n-sults   well  within   all   limits  ol   saletv 


I  , 


W 


*r^-i 


-.//..  W^^,,,,, ,.,>r^^^^^^,^^ 


.  \A0 


Fig.  43. 


To  Trace  the  Variation  of  V.S.F.  and  B.M.  in  a  Beam 

Supporting  a  Uniformlv  Distributed  Load  of 

W  Pounds. 

l-et    the   hatelu'd   .-.re;.   of   I-i^r.    ^,   represent   the   load 
iinilormly  distributed  over  the  entire  length  ol  the  he.-.m. 

Tot.-.l   lo;,d  -    W   lbs.     Abutment   rea.tions       — 


I.oad  [XT   unit    lenjjth 


W 


I 


Tal«'  any   section    i'U  at    a   distance  x   from  the   left- 
hand  abutment. 

\'.S.I--.    .-It    F>y    -  y        (lelt-h.-md    .abutment    reaction) 
—  (load   to  left  of   |>y). 

I.oad   to  left   of   I»y        —.  X. 

I 


M'I'l.ll  1)     >  I  \  I  II  >.  <'_■, 

w      w 

riicifii)?f,  \ .X. 

J       1 

II  the  \;iluc^  <>l  y  ))«■  plnlltd  witli  0\  :is  ;i\i^  ot  \, 
tlu-  ciirM-  will  In-  a  sliMii^Itt  liiu-  Muli  lli:il,  :is  in  llir 
prc\i(>lis  i-.isi's,  the  \:iliif  ol  tlir  V  .S.I-.  :il  ;m\  set  lion 
will  In-  (linMll\  under  tluil  sfilion.  Ili^is  slmxvn  h>  tliv 
linr    AK. 


W         \V 

To  li;i(i'   tlu'  (in\r,    \         — .\... 


I'-) 


W 
When   \        o.   V        -        ()\. 

W 
Wlu'n   X        I,   y        \K. 

I 
W  lun  V       o,   X  OM. 


i-'ioni    this   it    is   sfi'n    lli:il    tin-   \'.S.l''.    Narics   li.mi    a 
W 
|)((sili\f    \aiiic   ol  —  at   llu-  li'U-hand  ahiitnu-nl,  lo  a   \ahii- 

W 
at    tin-    rit;lit-lian(l    ahutnunt,    l)cinj^    r(|iial    to    /tio 

at   thf  (fntrc  ol   tlu-  luMin. 

In    order    to   consider    the    variation    in    U.M..    let    the 
l(>ad    to    the    Jelt    ol     anv    section     I'O    he    re|)laei  d    hy    .in 

X 

i'(jiii\ali'nt    eonreiitrated   load   ol    mai;nitiide    — .W,    uliicli 

I 

X 

will  act    a  distaiiee  —  Ironi   I'O  as  dotted  in    I'ii;.    4^ 


W             W        \ 
H.M.    at    I'O        —.X x  - 


I'ro'iuee    I'(J     lo    interseel     the     N'.S.l'.     diai;rain     at 
(     and    I).     Draw    Ali   |)er|U'ndieiilar  to  I'(J. 


fltt 


M'l'I.IIM     SI  AlUS. 


Ol)   ..ml    IK-    ;,rc    ( ,)-,)r(lin;,ii.s    t,>    ;,    ,„,ini    on    AK 
l)fl()\\    I '(J. 


OI)  -  x:  V       IK. 


W       W 


-.x...(3.) 
1 


riu'icloro,    Irom    (i.).    \        I)f 

Inuii  the  lif^urc  it   is  sii-n  that 

fM       DM  — IK-  -  ().\  — IK     (4.) 

W 
Mut  ().\       — . 

Suhslilut,-    in    (4.)   this     v;,in.-   ,,1     ().\,    .nul     .-.Is,,    tin- 
\;iliic  ol    |)f  louncj  in  (^.). 


Then.   IM  .    — . 

2 
W 


\y     w    w 


1 


Tiilnilatinfj  these  resulls- 

—  -  o.\. 


X  -  OD  =  AB. 

\V 

—  x  =  CB. 
1 

Substituting  these  values  into  {2.). 

AB 
H.M.=  ()\  X  on  — CB  X  


-  Area  OB  — A  ABC". 

-  Area  OArF). 

-  Area  of  \  .S.I-".  diafiram  to  left  of  section. 

H,  .'1^1  "'V-  r '''''""-'■  '•"■'""*  ^'''"'  ■'  ^•''"^'  "i  '^^•'•„  at 
the  lelt-han<i  abutment  to  zero  at  the  rijjht-hanci  abut- 
ment,  havrng  always  positive   values. 


MM'i.ii  i>    M\rir>.. 


It  is  Min  WvM  the  maximum  B.M.  for  a  beam 
supporting  a  uniformly  distrihuted  load  over  its  entire 
length  is  at  the  centre  of  the  beam^  lor  tin    ana  A  MO 

i>    llu-    i;ix-.ilist    |)<)sili\f    ana. 


fii;    ^   ^ 
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i*H 


AI'I'I.III)     SI  MKS, 


If 


Uraphica!   Determination  of  Abutment  Reactions. 

In  the  uork  provif)us  to  this,  the  abutment  reactions 
whenever     desned     have     been     .al.ulaled     analvticallv 
Iherc   IS,    however,    a   graphical    nnlhod    of  deterniinin.' 
these  reactions,   the  procedure   being  as   follows:— 

I.ot  lij;.  ^^;,  represent  any  frame  structure  resting 
freely  on  two  abutments  and  supporting  the  loads  AH. 
HC-.  fl)  of  ;,ny  magnitude  whatever.  These  loads' 
together  with  the  unknown  abutment  leai  tions  Dl-!  and 
'■A.    gi\e  ef|iiilibrium. 

The  vector  polygon.  .\|{.  IK',  and  CI)  (Kig.  4 ,  h) 
may  be  drawn  to  rep,es,.nt  the  three  loads,  and.  since 
the  lor.es  acting  ,m  the  stru.lure  are  in  ef,uilibrium.  the 
vector  polygon  must  ,los,-.  The  onlv  forces  tlK.t  can 
close  It  are  the  two  abutment  reactions.  It  follows,  then 
that  iHlween  I)  and  .\  there  lies  some  point  K,  such  that 
y\:  and  lv.\  represent  these  two  reactions.  If  I-;  ,-;„, 
lie  located,  the  problem  is  solved. 

Choose   any   pole   O   in    Fig.    44 1,  ;,nd   join    O   to  A. 
H.  t.  and  I).    As  far  as  possible  construct   the  funicular 
polygon   lor    the   forces    a.ting  on   the     stru.turc.   corn- 
men,  ing  by  replacing  AM  bv   AC)  and   OH.    Pr.Hoed  bv 
repla.  ing  Mf  with   HO  .,nd  OC.  and  CI)  bv  CO  and  OI) 
I  roduce  the  lines  of  .a.-iion  of  .\()  and   ()I)  to  intersect 
the  abutment   reactions  at  X  and  \\  respectively.     Now 
no  matter   « lure  the  point    !•    lies   between    I)  and   A  iii 
Fig.   44  b.   the  lomponents  of   DK  and    F.\   uill   be  DO 
OK.    and   l-O.    ()A.    respe.tivelv.      If   the   abutment    reac- 
tions were  replaced  at  ^•  and  X  bv  these  components,  it 
IS  seen   ih.ii   the  only  possible  manner  in  which  OF:  .md 
FO.   which   are   ;.s   yet    unknown.   ,an   act    in   order   that 
tile  lunicular  pc.lygon  mav  close,  is  in  the  line  XN'      This 
determines  the  point  F.  for  in  order  that  the  components 
OF    .ind     F()   may  a<  I     in     the    direction    X^•,   the    line 
joining  O  to  F  must  be  parallel  to  XV;   i.e.     to  locate 

nA^'l'n"^'!..**  '""''  ^^  P"*"*'  ^«  XY.  intersecting 
DA  at  E.  I)F  :,nd  F.\  (Fig.  44b)  represent  the  required 
reactions. 

Relation  between  Bendini;  Moment  and  the  Funicular 

Polygon. 

Let  Fig.  45  represent  a  beam  supporting  anv  general 
l<'.-.d.ng,  AH.  HC-.  and  CI).  To  the  right  of  the  Hgurc- 
is  the  vector  polygon.  AB.  BC,  CD.  DF.  and  F  \  the 
abutment     reactions     DF    and     FA    having    been    found 


m 


sri'1.11  II    >i  Mil 


tH, 


or,iplii<;illv  hv  MU'im..  ol  tlif  I  unirul.ir  polvi:(.ii,  .is  .v- 
plainnl  in'  llu-  l;ist  pn.hl.in.  It  i  i.(|uind  to  l"ul  lli.- 
v;iluf  1)1    llu-    U.M.    :it    :i'iy  s,-.  lion  (i.K 


I 


Fig.  45. 


II 


i 


}l 


irn 


"**  Al'l'l.lll)     M  MItS. 

'';'•'.'"•'•    ('•)    lo   inUTM-,1    liu-   luni,nl.-.r     p.^lvj^on    :,t 

'   "'"''vV^-     '•'■•/'''■  P^'nH'ndi<ul:,r  distan.r  ..I    llu-  pole-  () 
Mom    AM    l)f    /.  ' 

llu'  U.M.  M  (,.)  Aljjihr.iir  sum  of  llu-  momt-nls 
of  l-;\  iind  AH  .iboiii  ;mv 
point  ill  (i.). 
M<mu-n(  ol  llu-  r»-siili;int  ,,| 
liA  ;ind  AM  about  ain  point 
in  (I.). 

To  locate  the  resultant  of   EA  and   AB;    i.e.,   the 
resultant  of  all  forces  to  the  left  of  plane  (I.): 

l-:\  lias  Ik-cmi  rcpiaii-d  In  llu-  compoiu-nts  l-;()  and 
<)A  .-IS  shown  in  llu-  funicular  poivjjon,  and  AM  In  ihe 
ron.poninis  AO  .nui  OM.  It  is  st-i-n  that  OA  .and  A() 
'•.ninkr.Kl  one  .motlu-r.  which  Icavt-s  K()  and  OM  -is 
cciun.alcnt  lo  tiu-  (ones  KA  and  AM;  i.e..  the  result.-.iit 
ol  hO  .-md  OM  is  the  resultant  of  K.\  .-,nd  .\M.  Mut  from 
llu-  vector  dia^r.im.  l-iM  represents  the  resultant  of  F() 
■  ind  OM,  which  will  act  at  the  intersi-ction  of  the  lines 
;••  ;uHon  ..I  i;o  aiul  OM  .as  indicated  at  the  point  V 
I  he  nu)ment  ol  this  resultant  ..bout  :.  point  in  section  (i  ) 
Is  the  required  M.M.  Let  h  be  the  distance  of  the  line  of 
iiition  of  the  resultant    from   section  (i.). 

^'>^^.  !•(;-  KO. 

F-K  i  OM. 
(iK     Ml-;. 

'l'h(-relore.  A's  I-tiK  .and  Mi-:o  .,re  similar. 

I-;H          altitude  z. 
Then,  -  

<iK         .dtitude   h. 

Or.  i-:m  X  h       (;K  X  / (^  ) 

Mut  i-;M  represents  the  result.int  of  the  forces  to  the 
lelt   f)f  section  (i.). 

iher-fore,    KM   x  h  =   M.M.     .  i,  \ 

i.o. .   from    (,,. )    M.  M.   ^  f ;K   X  z ." .' ." ." ." .' .' .'  '    \.[) 

Now.  (JK  is  called  the  ordin:.te  of  the  funicular 
pohfj.m  .at  section  (i.).  .md  it  is  s^-en  that  the  M  M  is 
represenl,-d  by  this  .>rdin.-,te  multiplied  bv  -.i  constant 
quantity  z;  so  that,  provided  the  proper  scale  Is  used, 
the  B.M.  at  any  section  is  represented  hv  the  ordinate 
of  the  funicular  polygon  immediately  heneath  the 
section. 


u 


AIM'LIKI)     MMUS. 


To  Find  the  Scale  o!  B.M.'s  to  be  Used  with  Ordi- 
nates  of  the   Funicular   Polygon. 

I-roin  (4.)   in  llu'  l:i><l    diMiis^ioii — 

H.M.      i:n  X  U. 

-    (KM   in   inclu-s   x   m  ;iii-  <>l    l<>i<i-^)   (li   ni   nidus  x 

scjilo   of  (linii-nsions). 
=    V.W   X   h   (M;ilr  of   forn-s   x   s.;iU-  of  (linu'nsion-.). 
Hul   from  (V)   KH  x   li       r.K   x  /. 
TluMi-forf,    H.M.       <"'K   (/  x   s.  :ilc  of   lor.»s  x  m-.iIi- 
of  (linitnsion-s);  \.v.,  tlu-  sralc  lo  um'  on  (iK   in  okUt  to 
find    tlu-    n.tiu.l    vahu-    of    tlir    H.M.     is    (z  -  scale    «l 
forces  X  scale  of  dimensions),   /   luin^  t:ikiii   m   nu  lu-s 
if   tin-   s<;ilfs  ;irr  prr  inch. 

Caution : 

In  order  lo  t;ot  :i  «ood  working  stale  of  H.M.'s,  the 
poll-  0  siiould  Ik-  so  chosen  with  referenre  to  AD.  that  z 
will  lie  a  C|iiantiiv  whieh  will,  when  multiplied  by  the 
scales  of  forces  and  dimensions,  jjive  an  e\en  quantity 
siiital)i<-  for  use  with  ordinary   s:  ales. 

A  Graphical  Method  of  Constructing  the  V.S.F. 
Diagram  for  Concentrated  Loads. 

Let  the  v.'(  tor  dia^'ram  of  the  forces  acting;  on  the 
beam  be  drawn  to  one  side  and  slightly  belo\\  the  repre- 
sentation of  the  iH-am  as  shown  in  Fiji.  4.V  •'  ^^ '"  '»«" 
.assumed  that  the  abutment  reactions  DI-:  and  i. A  have 
been  found.  From  I-  draw  a  line  h:NM  parallel  to  the 
longitudinal  axis  of  the  beam,  and  interse.ting  the  abut- 
ment reactions  at   N   and  M.  ,11 

The  \'.S.l-.  at  anv  section  between  the  lelt-hard 
.abutment  and  the  tirsi  load  is  equal  to  the  left-hand 
abutment  reaction,  the  value  of  which  rea.-tion  is  repre- 
sented bv  K.\.  Therefore,  if  the  scale  <if  shearing  forces 
be  chosen  the  same  as  the  scale  of  lones  used  in  con- 
structing the  vector  diagram,  the  ordinates  from  MN  to 
the  line  PS,  which  is  drawn  parallel  to  MN  through  A, 
will  represent  the  X'.S.F.  values  at  any  s«-cti(>n  between 
the  left-hand  abutment  and  the  first  load,  for  these 
ordinates  will  each  be  equal  to  KA,  which  is  the  value 
of   the   \'.S.l-".    iR'lween    the   sections  indicated. 

The   \"..S.I'".    for   anv    sccticm     lu-tween    the  first    and 
second   load   is  coual   to  the  left-hand   abutmeiil    reaction 


t'  M'l-I.IM)     M\ri«s. 

"'i"iis     tlu-    l.rs,     I.M.l    AM,     (.r;.,,l,i.;.IK.    ihi.     is     ,r,„v. 


i:\-\M     i:h. 

_  Tlur.lorr.  I.T,  ,|rawn  pj.n.lU-I  i.,  M\  ,l,n,„jil,  \\ 
«ix«-s  ii  (li..«t..m.  llu-  onlinalfs  Inuii  MX  m  whirl,  rt-prr- 
MHI  tlu.  \  .S.I-.  x.,lni->  l.rlw,H-n  the  lirM  .„„]  .t.,„„,|  |„.kI. 
l-ylowin^  tin-  s.„m-  lim-  of  r.-;.s„ninjj.  tlu-  or,|in;,tfs 
lm,n  M\  „>  \U-  ,n,l  X^  .  whirl,  ..r..  .Ir.wn  pa,.ll..|  „. 
MN  Iron,  (  ;,.,(!  I),  rt-spv,  liv.-K ,  ii-pr,s,nl  the  \-  S  !• 
x.ihu->  In.M,  th..  M.r.„„|  |,.„1  to  ,h,.  ri«hl-h.„,(l  ;.hutment. 


IP 
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(lIAI'lliK    X. 


V.S.F.  AND  B.M.  POR  MOVING  LOADS  ON  A 

BKAM. 

To  Trace  the   Variation  in  V.S.F.  and  B.M.  for  a 
Sinj{le   Movini!  Load. 

F.cl  .1  l(>;i(|  <>l  W  pounds  li;i\el  <.\<r  \\n-  Immiii  Io  .i 
pos.liun  (lisi:,n|  y  IV,,,,,  the  I.-H-hi.nd  .,l)iitm.nt  .-.s  n-pn- 
s.nl.d    .1)    l\^.    4(,.      11,,.    Ii.|t-|,.,nd    iil)iitiiu-nl    rtM.  lion    A 

I        X 
w  ill  llicn  Ik.'  .W. 


i| 


KHDII    is    iIr.   \-.S.I''.    di;ij,rr;,m    lor   the    lo.id    in    this 
position. 


Fig.  46 


Now,  sinci-  till-  load  is  a  movin^j  on*-,  it  would  Ik; 
I'Xlrenu'ly  inconvtnient  to  draw  a  seriivs  ol  \'.S.K.  di.i- 
j,Mams  for  many  or  all  positions  of  the  load. 

L(H)kinjr  ;,t  thv  dia^jram  KBDH,  whidi  is  a  pi-r- 
fe<tly  tji'iH-ral  ono.  it  is  sfin  that  iH-tausi-  KM  and  Dll 
■.^rc  parallel  to  i:!-",  MC  n-prescnts  the  value  of  the 
\'..S.K.  at  any  plane  to  the  left  of  the  load  and  (I)  the 
\'.S.F.    ai    any   plane   to  the  li^lil    (►!"   (he   load. 


ff 


\rn  nil    si  \mi  s.  "5 

Kilt     \.S.I-.     ;il     .IM\     pi, me     tn    lill     t>l     lu.itl  \ 

It 
-.\\  lU    ;    :ii)(l     \.S.I'.     .11    .m\     |)l.mr    li.    liylil     "'I 


loi.d  \         W 


W        W        (I). 


Il,    llu'ii,    Did'malf'    > 


.W     l)f    |)li>ltt(l    uinlii  ■ 


1 


luiilli    llir   load    as   it    nioMs  in   (iillii«nt     (losiiiuiis,    sii. 
that    >    i»'|)ri'sfnls   \\h-    \alii«-   <>l    the    \  .S.I',    at    aii\    i>l.ii 


II 


1.1  till'  It'll   i>l    the  load,   and  ordinatcs  \'  .\\         W 

1 
l)c    also   ploll.'d    iindi'iiit';  111    tlu-   In.id    in    lit«'    samv    situs 
(il     |).>siti«ins,    so     that    >'   irpu'sciils     tin-    V.S.I-.    at     all 
plain's  to  tlu>  riylil  ol   ;lu'  loa<l,  tlu'  lo.  ii  ol   tlic  points  so 
ol.laiiu'd    will   l>t'    llif    si   ai^ht    linis   i  ,\-    .iiul    l-'.l.,    it'sp.-.- 

I       \ 

ti\('l\.     (\'  will,  ol   (oiirsi-,  Ih'  lU'ualivc  lor  \\   >  .  U  . ) 

I 

(il'l.]'".  is  a  V.S.I''.  <lia^ram  lor  the  nioviii^  lo.id  W. 
Siipposliiji  it  is  <U'siri'd  to  lind  tin-  WS.I-".  at  a  plain- 
\Q:  (I.)  wlun  llu'  load  is  ovtr  Hi);  (_•.)  wlion  tlu-  load 
is   over    \'(J. 

(I.I  Tin-  \'.S.I'".  at  \(J  wlun  tin-  load  is  over  Hi) 
is  nprcs.nlt'd  by  CI),  lor  (.  I)  n-prtstnls  llu-  \'.S.I'.  lor 
all  plani's  to  ri^lit   of  load   wiu'ii  load  is  ovir   III). 

Ij.)  Wiun  tlu-  load  is  dinrtly  ovtr  NO,  llic  X'.S.h". 
at  NO  is  iiuUtiTminatt'.  hut  Nl'  ri'pr«'s»nts  thr  \.S.I-'. 
at  airplaius  lo  U'lt  ol  \Q,  :ni<l  I'Q  ri-prt'siiils  tlir  \'.S.l''. 
at  all  plaiU's  to  riiilit  ol  N(J.  Tlu-st-  n-snl's  may  he 
arrived  at  analytically  l)>  lilting'  x  Ik-  llu-  distann-  ol  llu- 
load    Iroin  tlie   k-il-liand   ahiitnu-nt. 

lor   aiiv  plaiU'   lo   tlu-   left    of  tlu-   load  - 


1— X 


\'.S.I-". 


.\V 


For   any   p\:\m-  to  llu-   rii;l\t    of  tlu-   load  — 


N'.S.F 


1  — X 

.W  —  W. 

1 


r«» 


M'l-I  II  I)     MAII<>. 


To   I  ind  the   Maximum   Possible   B.M.   as  the   Load 
iMoves  Over  Beam. 

h'or  llif  lo;i(l  in  ;i  i;i\fn  position  it  h;is  Ih-imi  sliown 
lli;it  tlif  iDaxinuiin  U.M.  is  ;ii  a  st-ttion  <lir»Ttl\  iiiuirr 
llic  lo;i(l.  Il  is  only  ncct-ss.iry  to  <'oin|):ir('  tlicsi-  ni;ixi- 
niiMii  K.M.'s  lor  tlu'  lo;i(l  in  (lirii-n-nt  positions  in  oitli-r 
I')   liiitl    the    )4rf;it«-si    |)ossil)lt'    U.M. 

Tjikin^  llu'  lo;i(l  in  m  position  rrpirsfntcd  in  j-ij.;.  4I), 
llu'  !n;i\irnuni  M.M.  lor  tliis  |)osition  is  rfpri-si-ntvd  hv 
KIK  1:. 

Join  (il.. 

Tlu-  ;irc;i  (iSC'J-;  is  tlii-n  i()ii;il  to  tin-  ;irc.i  KIU'1%, 
lor  the  ;irt';i  K  iSt'l'!  is  (onnnon  to  liotli.  .nid  tlu-  -^  tilv  I 
t(|li;ils    the    -i     rU.S. 

riuTclorc,  lh<'  ;ir«'.i  (i.SC  1%  rcprt-st-nts  the  in;i\innini 
r>.M.  lor  Ihr  lo;i(l  it)  tli.it  position.  In  llu-  s;inu-  wiiy, 
lor  tlu-  lo;i(l  in  othi-r  positions,  tlu-  ni;i\iniinn  K.M.  is 
ii-prt-sfnird  l)y  tlu-  :ir»-;i  lu-twft-n  (il.  ;itui  l-!l''  to  tlu-  It-It 
ol    lilt-   sfciion   iindt-r  tlu-   lt>;id. 

Il  Is  sft-n  tli:il  tlu-  ^ri-;ilt'st  M.M  tli;ii  will  011  ur  is 
rt-pri-st-nlt-(l  liy  tlu-  positivi-  ;ni-:i  (iV'l-l.  This  .irt-.i  rt-prt-- 
st-nls  tlu-  n.M.  w  lu-n  llu-  lo;id  is  ;it  ilit-  it-ntrt-  ol  tlu- 
l)t':ini. 

I  It-nci- : 

The  maximum  possible  B.M.  for  a  single  moving 
load  occurs  directly  under  the  load  vshen  it  is  at  the 
centre  of  the  beam. 
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Al'l'l.lll)     MMIO. 


(.MAl'THR   XI. 


PULLEY    SYSTKMS. 


Il  is  till-  intcnlion,  in  ihf  follow  inj;  diMUssion,  to 
lind  out  liow  oiu-  or  more  i)iillfv  hliw-ks  ni:iy  In-  most 
;i(lv;iiit;ij;foiisly  ;irr:in^;».'(l  in  ordi-r  to  lilt  or  mow  ;i  ^Mvi-n 
\\i'i)ilit. 

in  most  ol  llu-  problems  tlu-  ropis  ol  tlu'  systi-m  ;iri' 
iissiimrd  to  Im-  p:ir:illi'l  to  one  ;inotlnr.  This,  ol  course, 
is  not  (|uiti'  iruf  in  pr;i(  tire,  hut  tin-  error  arisin^j  from 
such  an  assumption  is  so  slij^lu  tliat  il  may  In-  nif;lccted, 
to^iflhcr  with  the  errors  that  arise  from  assuminj,'  that 
the  shea\es  have  frictionless  In-arin^js  and  that  their 
weights   arc  ne^li^ihle. 


jfl^^S^tjOOSfiS 


Fig.  47. 


Mechanical  Advantage. 

The  mechanical  advantajje  of  a  system  ol  jjulleys 
is  the  ratio  of  the  weight  lifted  to  the  force  eserted  on 
the   free  end  of  the  rope. 

TIm-  mechanical  ad\aiitajj«'  is  sometimes  rilerrcd  to 
as  the  efficiency  of  tlie  system. 

I.  i.i'l  l-'ifi.  47  represent  a  sinj^le  I)I<m  k  Listened 
to  some  su(>j>orl.  \l  one  end  of  the  ro|>e  is  lastened  a 
weij^lit,  W.  Il  is  re(iuire<l  lo  lind  the  fori  c  I'  which  must 
he   exerted   at    the   fret'   end   ol    ihc    rope   in  order    to   keep 


\rlM  11  II     si  Mil  s. 


llu-    SM'ijill 

will  lilt   W 


I   \".    m  «<|ni 


lii)tiiini.     Any   ^iiMti-r  Un>  <■  Ui.m 


!• 


(.onsiclir    llu-     puHfV    ;is    ;i   \\\i\i 


\     1)..(1\        It 


1.(1 


upon 


l)v   ihrtf  lorii-x. 


1'.   \\ 


;iiu 


1    1',  in  i-nuililM  Mim 


I'likf    inonitii 


I-    .il)<>iil    lli«'   <  i-nlri-   11 


1    iKl.tlioK    111    ilx- 


sIkmw. 


lM        Ml'        M\\         M' 


W 


l»        W 


i.f 


\\ 


iili   siK  li    ;in    ;ii  i.mmiiu'n 


t      l.t       lIU'     llltM  k      lllf      lull 


1  .,\  liw  Iri-f  I'nd  "I   ll»-  "'|H-  l«>  1^»<-P  '''«■  ^> ->«•'" 


i\i'rlr( 
(■(iiiilihiiiiiii    mils 


I    hf    f(iii:il    111    ll"-    \\<'ii;l>l 


W 


Mfi  h.inii    ll    \(|\aiil.im' 


II,    l.fl    tlir    l>l'>«l<    tH'    :ill;iilv.-.l    ll-    111.'    vv  •ii;l"      ■">« 


(I 


•n(l   ol     i1m     nipc     ni;i 


tU-    liisl-.  li>   somr     .ihulnunl    .i- 


ifprt'Sfi! 


U'd   in    lij;.    4''<- 
Ik 


C'nnsidir  llu-  pnllt-y  ;is  ;i  ntii! 


(1  IukIv.    ll  is  iirt>-<i  lip 


\u     llu-    llin-f    lori«-s 


AU.     lU  .     ;in< 


I    t  A     (usint: 


It. 


Nol.ition)    in   «-<|uilil)niini. 


'I'likt-  niDiiu-n 


Is  ;il).uil    llu-  axis  .>!    r..l.ili..n   .is   in 


W        M\u        Mm 
A  U.I        lU 


M 


I  \       <). 


AU      m 


11    ,,   lor.f  ol    I'  pounds  h.-  .ippli.-d  .il    llu'   I"'' 


rn.l  ..I 


llu-   io|).-,    I 


lu-n    IK-        r        AM. 


T..  tind   llu-   matin 


iliidf   111    I' 


i.N 


\\n 


\w 


N  <  \ 


I'        I'        W 


I     W 


w       w 


M 


.-(  haiili 


.ll     \<1\  anl.ii;.- 


!•        1     W 


111.    In 


,\  sitin    sill  h    .IS    r.'i 


r.'|)r.-s.-ii 


U-d    1)\     l-ii;.     jit. 


il    a  lont-   V  In-  anpli.  d   lo  ih.    lr.-«-  «nd  ol    llu-  i  o| 


)<•.  ihii' 


will    .-xisl     1   Unsion    o 

s\  si.   111. 


1    1'    pounds     llirouiilioul     llu'    ro|H- 


Ho 


\|-|'l.ll  1>      ■>!   \l  II  "■ 


||„.  two  low.i  l)l<«ks  ;.rr  .  niliurt.d  loKill"'"- 
iii;i(ih.  TlirN  rn;.v.  llicn.  lu-  .  unsi,i,Ti-<l  ,.s  ;,  t><.<l>  ...  trd 
upnn'l.v  l...ir  i.p«.-.nl  \nvrv>  ..I  ni:iKMili.<li-  I',  «liu'  1«>  <1h- 
l,.„si..n  in  tin-  n.p.-,  ;.n(i  ..  rilll>  .lovxinv  ar.l  l..r.i-  -I   m;,ii- 

l^     lor  louri    iwo  iil.xks        4  I'         W         <'■ 

1'       ',  w. 


w 


Mcl  Ik.ii'i.  ..I    A(l\..Mi:.^.' 


:^^i^iwyjst;tA<jSiSiA^ 


No.  -19. 


Tl„.  |,,ll,mini;  .  a--^.  it  i-  ••'-il.^  '''■'•"•  •"'•  ""•';■'; 
sptrial  .xampl.'s  -.1  llu-  pr.M.'.lin^  l)i"l)l«"i^.  I"'  H.w 
,,.,,-..11   tlu-   M)hili<)n  .>!    i;..  ti  <;'>-«■   i"  « '•'i<l«'"-''l' 

Tlu'  inviTM-  ;,rraii«.-,iu-Ml  ..I  llu-  laM  .  ..m-  .1...-  n.'l 
,1     ..111. -uii.  V  .        Iliis     -vst.-m     .-     sl„m,.     ..I 
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liil-    5.1 
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Fig.  .il. 
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Fig.   -.2. 
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.y  I 


or  hiwi'i 


hl.M  k  \  V  — 


!•  -  W 


W 


Mf<  hiiiiit  ill   A<lv;int;iKf 


W 


!• 


lor..-  ;.ppli.<l  t«>  llu-  Ir.-.-  ciul  ..I  tlu-  ropo.  tlu-n  tlir 
t.nsinn  in  llu-  n.pr  p:.ssin«  oN.-r  tin-  l.mir  pulUv  nmII 
lie    -•  r   :i^   iiidit  iilfd. 


IN'    tor   Insx.r  1)1...  k         -•  1'    •    2\'  -  \\     '   «>• 


W 

Mo  iKiiiii  ill     \tiviinl:iHf        —        4- 

V 


In  ill!  .iiiimy.-nuMil  su.  li  .l•^  r.pi<  Milled  1)\  I'lji.  5J, 
il  1'  p„iin(i>  I).'  i.ppli.-<l  I"  'li«-  '•■'•>•  '"•'  "'  •''^'  '"P«>.''"; 
,„.-.l,i.nMi.l  ;.<h..nli.«.-  will  l"'  .^  H"'  -''"l''^'  '^  •'«'^'^*'' 
111  lifjiiro    llii-'   <>">    I'""    lii'ii-''"- 

The  Weston   Differential  Pulley. 

in    llie    ..nliiii.rv    piill.x    -vsinns.    whrrv    i1ht.>    is    i. 
Ir.v    n.p.-   .-lul.    Il.rr..    is    i.lwi.vs    nm.v    ..r   l.->s    ,n.-..in.-ni- 
,n.r  iirisini;  ln>in  tlu>  kny  iim.ninl  ot   n.p«'  lvi"K  around. 
\,ld,d   I.,  this   is   tlu-   lii.  t    iliiit  in   ..rdi-r   u.  till    ^   wtMj;  it 
„l     ;,nv    si/,-,    a    minilMT     -.1     l>I.Mks     nu.si    Ix-     ...ed.      !<• 
ul.vii.tr   i.ll   this,    ilu-    Dill.T.nlii.l    I'ulU'V    is   n-.-d.      ''«■    .y 
illustri.U-     dii...T.nn,n,,li...llv    tin-    >iM,pl.-st      l..rm    ..I    thi. 
,vp..  .,t   pull.v,    u....n   vvhi.h   is  l.iis..!   ..11   ..lluTdilUTc-nl.iii 
:Hn.ni;.imnts     ..I     I.I.k  k^.     This    tvp.-    i^    kn-.xvn     i.s     the 
WVsli.n    l)illrr.Lli,.l    I'ulKv         Hu-    sysi.n.   .  ..ns.sls   „l    i.n 
npiHT   hl...k   ...,nn..s..d  ..t    Uv.  shfi.v.'s  ..I    dilhr.nt    vi.d... 
.i.si    in  .•n-i.l,    and    ..    h.vv.r   l>l"<l<.    ^^1"-'    '•"''"^    '^    ^'"■ 
..r.i;-      i.lM.i.i     ihi.l     "I     '!«>•    -"^•'"••''    "'     ''"•    "!'»"■'■    "'"■ 
^.llh.m^h  this   is  im.i.i.t.-rii.l.    Thr  upp.'    iw..  I.I...  ks  hiu.^ 
,„u«lu-n.d    rims    t..    pr.x.nl      il«-     .-lull,  ss     .ham.    ^^huU 
passes  ox.r   tlu-  svsl.,,,.    Ir..m    slipping:.      1  luTe  1-   always 
s..m..  i.rri.n^.-m.nt   .i.s.   ,.n  ih..   upper  hi.M  k  .  as.nii   vvhu  h 
.,ll.,\vs    the   .hi. in    I.,   run    vn  hen    pulled   either    xvi.v.   hut    .1 
|,.|,    l,.,nyin^;    idle,  ih.-   .  hain   ■  h.vUs.      Ihus    .1    ,s   p.,sMl,l,- 
,.,  lii,   or  lower  a   weight   I.,  i.ns    d.-ir.-d  he.jihl    i.nd  l.'i.ve 
i,    u..atl.nded.      The    l-.wer    l.lo.  k    hi.s    a    sn.oolh    ..nun:- 
lei  .•me. 
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11  it  .'it  II  UK 


i;M  ~    M\n   •    Mitc        Mw 


.\l».:i-  lil 


a    •    <)        I). 


\n     Hc 


lN         N  Ml        Nit-         \'\\ 
AM        lU      W 


Siihstitiitc  lor   AM   Irum  (i    )  itUo  (-•.)-- 


.(-'.^ 


J  lU       \v 


lU-       AM 


W 
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li;iiil. 


Im)!-   tile   iippt-r   hlinK.   l;ikiii!^    momriils   ahiuil   ;i\is  ot 


rntiition  ; 
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w  \v 

—  .  r. .  r,        o. 

\V  (r,  —  f; 
J. 


r. 


w 


ari 


Mi-rlianit  :il   .\(U;int:im-        — • 

1'         r,  —  r. 

Ill,-  Mo.  lianiii.l  .\<lv;.nl;i>ir  of  mi.  h  :i  syMi-m  is  then 
,.(|ii;il  K.  i%vi'<-  llu-  iMdius  ol  ihf  lar^u-  1)I.h  k  dixick-d  by 
thf  dilli-rtn.  ••  lulw.-.-n  iIk-  r.idii  ol  the-  larn.-  and  >inall 
bl.Mk. 

To  Design  a  Diflerential  Pulley. 

Design  a  dilliTiTitial  piilloy  l<>  lilt  a  Ion  wcirIU  by 
applying;  Irn  pounds  lor.  i-  to  iho  Iri-e  .iid  .)l  tlu-  system. 


\\  JOOO 


Mechanical    Advantage 


Simplifying 


lo  r,  —  r. 

JCXX)  -fi 

lo  r,  —  r. 

r,  Joo 


r. 


i.)S 


so  that  anv  dillercntial  pulley  whose  upper  blinks  have 
their  radii  in  the  ratio  of  20o:n^  will  satisfy  the  de- 
mands of  the  problem. 

What  would  the  Mechanical  Advantage  be  if  the 
radii  of  the  two  upper  blocks  of  a  dilferential  pulley 
were  e(|ual? 

Answer:  Infinite.  The  key  to  this  seeming  paradox 
is  that,  altliouKh  the  .idvantaRe  is  infinite,  it  would  take 
an  infinite  lime  to  accomplish  anything  with  such  a 
pulley. 


Important. 

In   tlu'   prceding  (lis.  ussion  .>f   pulley    systems,    it    is 

se«-n     that    it    is   possible    to    lift  a   large    weight     by   the 

i.ppli.ati.m    of    xi'rv     little    for.  e.  The    sUident    must    nnl 


Al-l'lll  I)     >»l  \l  U  >. 


H5 


f;ill  inlii  tin-  Ir.ip  <»l  ihiiikiii^  lli.il  l)>  doiiii;  i  omp.ii  .ili\  il\ 
litllo  work  ;it  one  «ii(l  of  tin-  s\slcm  tl);il  i  \.^v^^■  .inioimi 
of  work  1  ;m  Iw  <liiiu'  ;it  tlu'  oilu-i  «iul.  1  lie  woiU  <li>iu- 
at  l)()lll  fiids  III  tile  s\>trni  is  f\;ull\  llic  s.iiiu-  in  lli«'<ii\. 
I'r;t(  lie  ally,  tiuic  will  1k'  a  iiu-i  lianii  .il  loss  due  lo 
friiliidi,  »l<  .,  lutwi'fn  llu'  IriT  fud  aixl  tin-  wiii;!!!  Iwiiii; 
lifted. 


■ill 


Is 

if 
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(  II  M'l  IK    Ml 


I  HICTION 

lllc  Iriiu  Friction  i^  iiM<i  l.>  <lr-.ii;n.il«-  lli'  i.sisl- 
;mi  f  uttrmi  w  lini  \\«-  .illi-mpl  !••  iiii>m,  hi  .mIii.iIU  *\<< 
iiuivc,  onr  1hmI\  wliiil)  icnIs  in  <<iiil.i<l  willi  .iiuillui. 
It  is  ;i  \;iii;il>lr  <|ii.mlily,  <lc|Hii<liii^;  on  .  ii .  iim-l.n>n-, 
lull  n>ii.illv  r«;ii  lies  its  ni;isiniliiii  \mIih  ulun  llii-  linil\ 
is  just  on  the  poini  i>l  inolion,  I  he  n,inn'  l.imitinf( 
Friction    is    usid    lo  <l«noU-    lliis    nuiNinuun    x.iliic 

Tlur.'  ;iri-  two  kinds  ol  lii.  lion.  Sli(linf{  hhI  Kollinf(, 
li\«'  Inrnui  n;mu-  luini;  .ipprud  lo  rises  w  Ittrr  .1  IhmIv 
sJicK-s  «i\«T  .mollici,  ;m(l  llicir  w  .1  drlmil.  pl;ini'  ol  11.11- 
lai  I  ;  llu-  1. liter  lo  1  .iscs  where  wheels,  eli.,  toll  jIoiil; 
with    sin;ill    iire.is   ol    iont:irt. 

One  ji«-ner.il  law  whiili  :ippliis  to  ill  Uinils  ol 
liii  lion   st;iU's  tliiil^ 

Friction  always  acts  in  such  a  way  as  to  oppose 
motion. 

The    ^ollowin^;    1  .ises    slionhl    1m'    iv.iniined      ind    llie 
dirertions    in    w  iiii  h    trillion    .11  Is    hill\    determined; 
I.       I.;id<ler    reslini;    ;i);;rmst    .1    w.ill. 

Iron   wheel    rolling;    on    ;in    el.istii     pl;ine. 
\.       Knhher-tired    wheel    rolling    on    .111    iron    phine. 
4.       Uope    with    ;i    wei^iil    on    e;ii  h    end.   one    (ir«;i«ii 
lh;in   llie   oilier,    sirelehed   over   .1    ti\»(l   |)ulli'> .     (;i)   Kope 
jiisi   on   the  point   ol    niovinji.     (1))   Kope   nioxinn. 

^.  Kod  ri'slin^  on  '  Uihle  pnllfd  al  one  end  per- 
|)endii  ularlv    to  its   len^lh. 

(1.  Kiiif;  laid  on  a  rouyh,  hori/oiil al  lahli-  and 
pulled  at  an\  poini  lani;ential  lo  linL;  so  ihal  rini;  is 
jijsi    on    point   ol    inolion. 

llie  laws  of  rolling;  Irirtion  have  not  heen  lulh 
investigated,  aiul  will  110I  l»r  «lis(  iiss»'«l  lit-re.  I  host  ol 
sliding;  trillion  ar»-  more  liillv  iindt  rslood.  heini;  hased, 
however,  on  experiim-nt,  and  heiiij^  true  only  within 
rerlain   liinils. 

I  he  (liit'l    laws   ar<' :  — 

I.  When  molion  is  jiisl  ahoiil  lo  take  plan-,  ilu-rt- 
is  an  approximatelv  eonslant  ratio  hetweiii  ihf  Irii  lion 
and  the  normal  pressure  between  tlu'  two  IkmIus.  whii  h 
is  (  alU'd   lh«    trK-tVicii-nt   of  Slaliial    l-rirtion. 

This  ratio  is  iisnally  a  small  fraitioii.  and  lahles 
an-  eonslriK  led  empiriially.  fiiviii^  values  lor  dillertiil 
bodies. 
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J.  W'hfii  motion  l;il<fs  phiif.  tlic  ((H'tlicit'iit  i> 
siniillcr  th;in  in  thf  fornuT  c.-im-,  :in(i  is  tormi'd  llu-  Co- 
f-tliticnl  «>r  l)yii;imi(;il  l''ri<'tioii.  This  slatoiiu'iil  is  trui- 
only   lor  sniiill  xi'locilifs. 

3.  I'rirlion  (i<'])cncl.s  upon  ilio  ni;iteri.ils  used  ;ui(i 
f)n  tlu'ir  tcnijXTiiturf. 

Let  I'i^.  54  ri-pri'si'iil  ;i  body  in  t'f|iiilil>riuni  rt'stini; 
on  ;in  inrlincd  plane,  its  \\i'i)j;lit  W  aiiinj;  as  intliratfd 
through  the  tcnlrf  ol  j^ravily.  'I'Iuto  is  also  acting  on 
tlu"  ImkIv   iIu'   rcai'tion,    \,   ol    llu-  |)lanc  (M-rprndiiiilar  to 


*i        Ji^'^ 


Fig.  54. 


tlu'  siiiracf  ol  contact  and  the  friction  !•'.  These  forces 
aitinf4  on  the  hodv  ;ire  in  e(|liilil)riiini.  I'herefore, 
i:.\        o:   i:^•       o;   .ind   i^M  -  o. 

T.ikini,'  the  axis  of   \  parall<-l  to  surface  of  plane  .is 
indi(ate<l — 

-X  =  — W  cos  (<)o--a)    •    !•■  -    o. 

I'         W  sin  a, 
!'■ 

or  W   - (1.) 

sin  " 
-\  —  —  W  sin  (ip  —  a)   ^   \        o. 

N    "      W  cos  a (J.) 


Substitute  v.'ilue  of   W   from  (1.)   into  {2. 


\ 


!•• 


sm  o 


cos  «. 


or  —  -   tan  «■. 
N 


(.V) 
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Sq 


Now.  im;ii;iiu-  llic  phiiu-  ,is  hciiii;  t;r;i(lu.ill>  tippid 
up  so  that  thr  an^lc  ol  iiuliiiatioii  "  Ixtoiiu's  tjrcaltr  anil 
)^rfatfr.  A  position  will  \)v  cM-iitiialK  rcaclu-d  Im-\oii(I 
wliicli  lltf  ])laiic  cannot  lie  raisfil  without  causing;  lli'' 
bixly  to  sli|).  I  he  plane  is  tiu'ii  said  lo  1><-  ini  lined  at 
(111-  "aniJie  of  repose." 

Dclinition  :  — 

If  a  body  rest  on  a  plane  surface,  the  An){le  of 
Repose  is  tliat  an{{le  beyond  which  the  plane  cannot 
be  inclined   without  the  body    moving  down  the   plane. 

When  the  plane  leaehes  the  aiif^le  ol  ic|)ose 
from   (;.)  — 


\ 


tan.    ani;le  ol    repo 


in     this    particular    instaiKi',     is    known    as    tin 


N 


coefficient    of   friction,    usually    designated    In     the    ( ireck 
letter  M. 

Coefficient  of   Friction     m     tangent  of  angle  of  repose. 

I-rom  tlie  previous  discussion  it  is  seen  that  il  a 
body  rest  on  a  plane  surface  which  is  inclined  at  an 
.•infjlc  less  than  the  an^le  of  repose  (sonu'limes  called 
the  anjile  of  friction),  the  hod\  will  not  slip  diiwti  the 
plane.  If  now,  some  i-xternal  force  he  ajiplied  to  llie 
body  so  ;is  to  (ause  the  ImxIv  to  be  jUSt  on  the  p<»int 
of  moving  eitluT  up  or  down  the  i)lane,  the  resistance 
offered  b\  friction  i  an  in  esery  such  i  as*'  be  e\|XMi- 
mentalh    shown   lo  be   ol    a   maf;nitiide   j^ixen   by 


K       N.M 


(4-1 


Where    I-         frii  lional  resistaiK*'. 

N        (iressure    normal    to   tlu-    plane. 
M        coellicient     of     friction     lor     pi. me     and 
bodv. 


Problems. 

.\  bodv  weif^hin^  itx)  pounds  rests  on  a  |)lane  snr- 
f;icc  which  is  inclined  to  the  horizontal  at  an  an^le  of 
30",  the  anjjle  of  repose  for  the  plani'  and  body  beiny; 
45".      i'ind    wh.it    force    actinj.^    parallel    lo    the    phme    will 


go 
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cjiiisi-   till-   Ixxly    to  Ik-  on    tlic   point    of   nioviiif;:    (i.)  up 
the  plane;    (j.)  <lo\\  n    tlio  pliino. 


Fig.  55. 


'■'K-   55 -^    rfpri'M-nls  case   (i.). 

I'lu-  forces  known  to  act  on  tlie  body  are,  \\  -  Hxi 
pouiuis  actinfj;'  through  the  centre  of  gravity  of  tlie  Ixxly  ; 
!•",  the  friction  ;   V,   the  re(|uirecl  force. 

.Since  these  forces  are  in  ec|iiilil)riiini,  -\  -  o; 
i:V  -  o;  ^M  -  o. 


—  W  cos  (K>~    ^    V I'" 

Now  !•"   -   \.^. 
Where    \         W   cos    ^o° 


o. 
o . 


(5-) 


^.^ 


.S"  ^.V 


and  M  ~   tan  angle  of  repose  -    tan  45^        i. 
Therefore,  F  —  50  v^  x   i. 
.Substituting  this  \ahie  of   !•"   into  (5.), 

—  too.  'j  +  1'  —  50  v3  —  o. 

P  =^  (50  V  3  +  50)  pounds. 

Referring  to  l*"ig.  55  H  for  case  (2.),  V  represents 
the  required  force,  .md  I*",  which  in  this  case  acts 
upward  or  against  the  tendency  to  motion,   the   friction. 


i;X  -  X\v  +  Xf'  +  Xi'  ~  o. 
—  Wcos  00°  — I"  +  K'  -  o. 


(I'.l 


I""'  -  X.M  =  50  V  3,  which  if  suljstituted  In  (fi.)  gives 
—  icx>.  I ..  —  P'  +  50  V  3  =  o. 


1"  =  .SO  ^.^ 


so. 


M'l'l.lM)     M  \  I  II  «.. 


Ml 


A  l)()(l\  wi-i^h'mj;  5<)  ])<)un<l>  it'st -.  on  ,i  pl.iiif  ■^u!t.l(  c 
wliicli  i>  iiiclinod  to  tin-  li(»ii/()nl;il  ;il  an  aiii^lc  nl  45  . 
Tllo  (■(K'HiiicllI  <il  Irirlioii  lor  !>o(l\  and  plane  i^  1  v  ',. 
W'iial  is  llu-  aiiylc  ot  it'posc y  1-iiul  wlial  Ion  r  nui>t  U' 
fXtTt«'(l  oil  liu-  l)o<l\  in  a  (iiri'dion  paraIKi  to  llu-  plane 
to  keep  tile   Ixniy   just    on  the   point    ol    sliding    up. 

The     ((Hllicient     ol     Irirtion        lani;«'nt     ol     aiii^le     ol 
re|)ose 

I 
—        tan   ,;i)    ; 


i.e.,   tile   aiit.;U'  ol    repose  in    lliis  case  is  ^o  . 

It   is   evident    that    the    liody    would,  il  lelt    to    itsell, 

slip   (low  11    tile    plane    liecaiise    tile    plane  is  in(  lined    past 
the  an^le  ot    ri'pose. 


/ 


Fig.  5(i. 


l''R-    5''  ii'pri'sents   the  condition   ol    allaiis. 


iX  -    X\v  +  \i>  ^   Ni        o. 

—  50  cos  45°  +  r  —  I"     o  . 


V   -   X.M. 


50  <()s  45^^. 


I  I       I 

—       50.  — .  — . 
^  3  "-    ^3 


^x 


II 


!ii 
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Siil)slitiiliiij;    iliis   v.iliic   ol    !•'    inio   (7.), 
I  50       I 

—  50  —   -r    V .  —  o. 

v'j  V  J     V  ;^ 

V  .    —  ( .  ^  — ) 


i..    i 
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WIND    PRESSURK. 
Pressure  on  Surfaces  Normal  to  Direction  of  Motion. 

Il  will  ])v  i)rim;iril\  :isMinu-(i  lliiil,  for  .iny  stated 
\<-ln(ii\  1)1  uiiul,  tile  motion  ol  tlic  air  ])arti(li's  is  iini- 
lorni  lor  all  positions  on  any  ^iven  (•r()ss  section,  no 
aci'oiint  iu-iiif.;  taken  ol  inliTlfn-ncf  ol  ])arti('U-s  with  one 
anotlu'r   or  ol    i-ddios. 

All  rail  Illations  will  1m-  ina<K'  at  (k)  l-'ahr.  toinjwra- 
turc  and  yin.)  cms.  haronn-trir  jirt-ssurf.  I'ndt-r  thcso 
ronditions  one  cubic  l(M)t  of  air  wcij^hs  .c)7S  pounds. 

I.«'l  the  Vflfxity  of  the  wind  hi-  "X"  fffi  piT  second. 
I'onsider  any  cross  seition  of  one  s(|uare  foot  area.  The 
\(>lum<'  of  air  that  will  flow  jiast  this  section  in  one 
second   is  e\idently  : — 

\'   X    I   ciihic    It'ct ( I . ) 

or,    in    other    words,    since    the    llow  is    steady  (uniform), 

\'    cuhic    leet   of    air    flow    past    tliis  seition    piT    second. 

.Multi()lyinii    (i.)    In    .07S    j.;i\es   the  flow    in    pounds    per 
second  ,is  : — 

\'    X    I    X    .07.S        .ojS   y   pounds   per   second..    |j.) 

I. el  dW  he  the  wcijihl  of  ,'ir  flowint;  |i  isi  this  same 
section   in  a  time   "d'l"  ;   then,   e\idently, 

d\V  -  (.07.S\)  dT. 

Now,  let  attention  be  conliiu-d  to  an  area  of  one 
squari'  f(H)t  of  any  surface  normal  to  the  motion  of  the 
air  particles.  Considerinj^  the  mass  of  air  as  l)einf,f  made 
up  of  a  number  of  small  masses  of  mafinitude  "dM," 
the  action  of  each  o|  these  small  particles  as  it  strikes 
the  normal  surface  is  of  an  impulsive  nature  of  <hirati(>n 
"dr."   such  that : — 

P.dT    -  dM.\" (V) 


dW 

1)1      dM 

-  (.o7H\)  dT  3. 
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Siil)>liliilii<f;  this   \;iliif  ol   tlM   in   (5. 1,   it    is  s«fii   tli.it 
I'.dl         (.o7.S\l  (IT.  \    ;,.....  ; 
or, 
I'         .njS\\^j.j (4) 

wluTi'  I'  is  llic  im])nisi\f  lone  ;ii  tint,'  on  the  norm.il 
siirhiii-;  ;(n(l,  situ  i>  llif  impulse  is  disirihiitrd  omt  (iiic 
s(|li;irc  li)()l  iiif.i.  1'  ni;i\  In-  s:ii(|  to  he  the  n.'sult.iiil 
pn-ssiin-  |)i-i    sijiiiirf    loot. 

In  t'(|ii;ition  (4.)  \'  is  in  Iccl  pec  sfMonil,  hul  it  is 
iisii.il  to  (•\])rt'ss  wind  M'loiilirs  in  miles  per  hour. 
I. it    \"   l)f    llif   wind    \floiil\    in   milt's   per    liour  ;    tiirn 

\  \    '     X      ^.'So  ll(>     -     111). 

..47  V. 
Sul)'-liliilinii   this   \:duf  nt    \'  in  (4.),   \\c  sir  lh:it 
I'        .()7.S  (1.47  \'|    .^j.j. 

wliii'li   result,   :is  would   lie  riMson.ihlx   e\pii  led,   is  liij^lter 
ih.in    pi',iiiii:il   evperimenis  show. 


Fig.  57. 


Pressure  on  Inclined  Surfaces. 

I. el    I'    (I'if^.    57)    rt-presenl    the    resultant    wind   pre 
sur«-  on   one  s(|u;ire   foot    ;ire;i,    sue  h    tii;il 

I'        .005-'  \'  , 

whert'    \'        \elo<ity   ol    wind    in    miles  per   hour. 


')'• 
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Kesolve  P  perpfiKiicular  ;ind  parallel  to  the  plane 
surlaie,  such  that  I''  is  the  normal  resolved  part.  If  » 
be  the  inclination  of  the  plane  to  the  direction  of  flow 
of  wind,  which  is  fjenerally  considered  as  being  hori- 
zontal, then 


I"  -    I'   sin   a. 

^     oo^j  \'  sin  o. 

P'  is  the  effective   wind  pressure,   and  is,   of  course, 
less  than  P. 

If  A  be  the  total  area  of  any  surface  in  square  feet, 
then    the   resultant   wind   pressure   is 


P'  -  P'.A. 


